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Chapter One 132 
 133 
INTRODUCTION AND LITERATURE REVIEW 134 
 135 
 136 
Thesis Organization 137 
 138 
 139 
This thesis is organized into four chapters. The first chapter contains an introduction, 140 
which includes research objectives and a literature review on soybean aphids, Aphis 141 
glycines Matsumura (Hemiptera: Aphididae), natural enemies, spirotetramat, 142 
imidacloprid, esfenvalerate, the concept of bioresidual in context to integrated pest 143 
management systems (IPM), and the effects of insect growth regulators (IGR) on pests. 144 
Chapter two contains the information on the effectiveness of selective insecticides when 145 
regarding control of A. glycines when compared to an untreated control, and a broad- 146 
spectrum insecticide. It also looks at the ability of the natural enemy community to 147 
reduce A. glycines populations after insecticides were applied. Chapter three contains 148 
information regarding the effects of selective insecticides on natural enemies. Chapter 149 
four will consist of a list of conclusions reached following this experiment. 150 
Abstract 151 
 152 
I conducted a series of field experiments during the 2009 and 2010 field seasons. 153 
The purpose of these experiments was to determine if selective insecticides provide 154 
adequate control of the soybean pest Aphis glycines, when compared to a broad-spectrum 155 
insecticide. I was also interested in finding if selective insecticides reduced soybean 156 
exposure to A. glycines. To test for this I collected population data that would allow us to 157 
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calculate cumulative aphid days (CAD). I also gathered yield data at the end of each field 158 
season, which was then compared among treatments to determine if there was a 159 
difference in yields based on the treatments. I was also interested in determining if the 160 
residual activity of the broad-spectrum and selective insecticides differed. To test for this 161 
I compared the populations of A. glycines on caged plants for each of the treatments. I 162 
also conducted a cage study to determine if biological control was occurring in the field. 163 
To determine if biological control was occurring I compared the populations of soybean 164 
aphids on caged and uncaged plants for each treatment at two different time periods after 165 
the application of the insecticides. To test for evidence of a bioresidual in either 2009 or 166 
2010, I calculated a Biocontrol Services Index (BSI) for each of the treatments. My 167 
findings indicate that selective insecticides are a viable control option for A. glycines. I 168 
also was able to determine that biological control was present in 2010, and that a 169 
bioresidual occurred in the imidacloprid treatment in 2010 during the first sampling 170 
period after insecticides were applied. I also collected natural enemy data for 2009 and 171 
2010. I compared the populations of natural enemies between the two years to determine 172 
if the natural enemy community differed between years. I also compared a pre- and post- 173 
application date for each of the treatments for all of the natural enemies, as well as the 174 
two most abundant species for 2009 and 2010. My findings indicated that the natural 175 
enemy community differed between 2009 and 2010, and that selective insecticides have a 176 
reduced impact on natural enemies when compared to a broad-spectrum insecticide. 177 
 178 
 179 
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Introduction and Literature Review 180 
 181 
Aphis glycines biology and ecology 182 
The life cycle of Aphis glycines Matsumura (Hemiptera: Aphididae) is described 183 
as being a typical heteroecious holocyclic life cycle (Ragsdale et al. 2004). This term 184 
indicates that the populations of A. glycines alternate between primary and secondary 185 
hosts with sexual reproduction during part of its life cycle. Aphis glycines are 186 
haplodiploid organisms, the female carries two alleles and the male carries one allele. 187 
The sexual stages of A. glycines occur on the primary host plants, which are various 188 
species of buckthorn (Rhamnaceae: Rhamnus spp.). The asexual stages of A. glycines 189 
occur on the secondary host plants, which is the soybean plant [Glycine max (L.) Merr.] 190 
(Ragsdale et al. 2004). To describe the life cycle of Aphis glycines the initial time point 191 
will be the spring, when the eggs laid the previous fall hatch. The nymphs that emerge 192 
from the eggs develop into wingless fundatrices. The fundatrices remain on the primary 193 
host plant, where they will produce the second generation of A. glycines. This second 194 
generation will also remain on the primary host plant. It is the third, and subsequent 195 
generations that occur on the primary host plant that will develop into winged morphs, 196 
alatae. The winged morphs are responsible for emigrating from the primary host plant in 197 
search of the secondary host plant, soybean. When the winged morphs locate soybean 198 
they will establish initial populations. Once A. glycines populations are established on 199 
soybean they will undergo several overlapping generations, during which both wingless, 200 
apterae, and alatae can be found. It has been recorded that as many as 15 generations can 201 
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occur during the summer months (Ragsdale et al. 2004, McCornack et al. 2005, Fox et al. 202 
2004, Fox et al. 2005). It is during the summer months that A. glycines have been noted 203 
to have the ability to double its populations every 1.5 days under optimal conditions on 204 
the soybean plant (McCornack et al. 2004). In the fall when soybean begins to senesce 205 
alates are produced, gynoparae, on the soybean plants. These alate gynoparae will 206 
emigrate from the soybean in search of the primary host Rhamnus spp. When the 207 
gynoparae locates the primary host plant they feed and produce nymphs, which develop 208 
into apterous oviparae. Male alates, androparae, are produced on soybean, and will search 209 
for the oviparae. When the androparae locate the oviparae they mate, and the oviparae 210 
will lay eggs on the primary host. The oviparae are reported to lay eggs in late October to 211 
mid-November.  These eggs remain on the primary host until they hatch, which generally 212 
occurs during the last week in March during the following spring. The mating of the 213 
androparae and the oviparae is the only sexual reproduction in the life cycle of                214 
A. glycines (Ragsdale et al. 2004, McCornack et al. 2005, Fox et al. 2004, Fox et al. 215 
2005).  216 
 Aphis glycines has been a prevalent pest of North American soybean since they 217 
were discovered in Wisconsin on July 26, 2000 (Venette and Ragsdale 2004). It not only 218 
poses a direct threat to crops, but is also known to be a vector for diseases (Fox et al. 219 
2004). Researchers believe that A. glycines were present in the United States before July 220 
of 2000, but the populations were undetected (Ragsdale et al. 2004). Aphis glycines have 221 
been found in 22 states and areas of Canada (Venette and Ragsdale 2004). Before the 222 
arrival of the A. glycines to North America, soybean had not been affected by many of the 223 
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pests that affect its native attack soybean in its native range of Asia. Aphis glycines are 224 
native to much of eastern Asia and are also a considerable economic threat to the 225 
production of soybean there as well. In China, there has been a considerable amount of 226 
research done on A. glycines. Aphis glycines is noted as also being present in countries 227 
such as Japan, The Philippines, South Korea, Indonesia, Malaysia, Thailand, Vietnam, 228 
and Russia (Wu et al. 2004). An economic threshold of 250 aphids per plant has been set 229 
for A. glycines, to prevent the populations from reaching economically damaging levels 230 
(Ragsdale et al. 2007). 231 
Natural Enemies 232 
Natural enemies play an integral role in preventing pest populations from 233 
reaching economically damaging levels in many systems, including soybean.  To prevent 234 
the pests from reaching economically damaging levels the natural enemies must cause a 235 
sufficient mortality in the pest population before the pest reaches the latent phase of its 236 
population growth. The natural enemies may not prevent the pest from reaching the latent 237 
phase of growth, but they may be able to delay the pest. Delaying a pest can be beneficial 238 
since most crops have a period during growth where they are more susceptible to injury, 239 
and once the stage is passed economic damage will not occur even with increased pest 240 
pressure. By delaying a pest’s population natural enemies can provide protection of the 241 
plants during the time where they are most susceptible to attack (Wiedenmann and Smith 242 
1997).  243 
Control provided by natural enemies is referred to as biological control. The 244 
objective of biological control is the reduction of pest populations below an economic 245 
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injury level (Smith and van den Bosch 1967, Debach and Rosen 1991). This occurs when 246 
natural enemies suppress pests that have exceeded thresholds, or by preventing the pests 247 
from reaching the set thresholds (Wiedenmann and Smith 1997). Biological control can 248 
be divided into the categories of importation, augmentation, and conservation 249 
(Wiedenmann and Smith 1997).  250 
Importation or classical biological control involves introduction of an exotic 251 
natural enemy to an area where its natural host has invaded. Augmentation can be 252 
described as adding natural enemies to an area where an infestation of a pest has 253 
occurred. For both importation and augmentation the natural enemy is being used in the 254 
same remedial way that insecticides are used to control pest populations. These methods 255 
of control can also be used as prevention of a pest species, but require that they are placed 256 
in the system before the pest establishes (Wiedenmann and Smith 1997). 257 
 Conservation biological control involves enhancing the performance and 258 
abundance of the predator community that naturally exists in the field (Landis et al. 259 
2000). This form of biological control can be used to manage pest populations by either 260 
attracting more natural enemies to an area of low abundance, or by increasing their 261 
efficiency, regarding their fecundity, longevity, searching ability, and conversion 262 
efficiency (Kean et al. 2003). Conservation of natural enemies can be used as a form of 263 
pest prevention (Wiedenmann and Smith 1997). 264 
 Attributes that determine the effectiveness of a natural enemy include the 265 
following: fitness and adaptability, searching capacity, power of increase, host specificity 266 
and preference, synchronization, density dependent performance, detection and responses 267 
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to conditions of the host, and the natural enemies’ competitive ability. These attributes 268 
are different for each natural enemy (Doutt and DeBach 1964, Huffaker et al. 1971, 269 
Beddington et al. 1978, Waage and Hassell 1982, Miller 1983, van Lenteren 1986, 270 
Waage 1990, Waage and Mills 1992, Stiling 1993).  271 
 Several studies have determined that the level of biological control that can be 272 
provided by natural enemy communities are determined by landscape heterogeneity, with 273 
a less diverse landscape offering a reduced level of biological control (Gardiner et al. 274 
2009, Landis et al. 2000, Fiedler et al. 2008). It was also determined that native natural 275 
enemies are more attracted to native plants (Fiedler and Landis 2007). The areas of 276 
heterogeneity offer a refuge for natural enemies during periods of disturbance that occur 277 
in the crop field such as tillage, insecticide application, and harvesting. During these 278 
times natural enemies can colonize the area that is not disturbed, and are then able to 279 
recolonize the field once the disturbance has ceased (Gardiner et al. 2009).  280 
 When natural enemies that differ between generalists and specialists are present in 281 
a field at the same time and feeding on the same host there is a possibility of additive 282 
effect. This evidence indicates that a greater natural enemy diversity can lead to an 283 
increased level of predation in the system (Cardinale et al. 2003). These settings also 284 
allow for the possibility of intraguild predation or competition where natural enemies 285 
reduce the overall abundances of the community through direct and indirect effects.  286 
 The control provided by natural enemies can be estimated by using equations that 287 
take into account the prey abundance, and the prey removed on a time scale. One such 288 
equation is the Biocontrol Services Index (BSI) (Gardiner et al. 2009). The BSI allows 289 
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for the estimation of the effectiveness of a natural enemy according to the number of prey 290 
that is removed by the natural enemy. This particular formula is used in cage studies, and 291 
compares the number of prey on a caged plant to the number of prey on an uncaged plant.  292 
The natural enemy community in North America that has been reported to feed on 293 
A. glycines includes insects from the following orders and families: Coleoptera 294 
(Carabidae, Coccinellidae), Hemiptera (Anthocoridae, Pentatomidae), Neuroptera 295 
(Chrysopidae, Hemerobiidae), Hymenoptera (numerous parasitoids), Opillones, and 296 
Araneae. The two predators that have been reported to have the greatest impact on         297 
A. glycines populations are Harmonia axyridis Pallas (Coleoptera: Coccinellidae) and    298 
Orius insidiosus Say (Hemiptera: Anthocoridae). The biological importance of carabids 299 
and spiders for controlling the soybean aphids is not as clear as for the other predators. 300 
Nocturnal predators of A. glycines are also important for the biological control of its 301 
populations (Rutledge et al. 2004, Fox et al. 2004). These predators are important in 302 
delaying and suppressing A. glycines populations (Desneux et al. 2006, Ohnesorg et al. 303 
2009, Schmidt et al. 2007, 2008).   304 
Spirotetramat 305 
Spirotetramat is a spirocyclic tetramic acid derivative (ketoenole). There are two 306 
isomers of spirotetramat, which are cis- and trans- isomers. The ratio of the two isomers 307 
is 98:2, and only the cis- isomer is active (EPA 2008, Nauen et al. 2008). Once absorbed 308 
by the plant, the active ingredient is immediately transformed into a biologically active 309 
form. This derivative is a weak acid with a pKa = 5.2 and lipophilicity = 0.3 (logP value 310 
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at pH 7). Maximum phloem mobility is found at a logP of -2 to -1 and a pKa value of 4-6, 311 
which is typical of weak acids (Brück et al. 2009). 312 
Spirotetramat is labeled as a reduced-risk insecticide. Reduced-risk insecticides 313 
are defined by the Environmental Protection Agency (EPA) as “insecticides that may 314 
reasonably be expected to accomplish one or more of the four following objectives: 1) 315 
reduce the risks of pesticides to the human health; 2) reduce the risk of pesticides to 316 
nontarget organisms; 3) reduce the potential for contamination of groundwater, surface 317 
water, or other valued environmental resources; and 4) broaden the adoption of integrated 318 
pest management (IPM) strategies, or make such strategies more available or more 319 
effective” (EPA 1997). 320 
Spirotetramat targets sucking insect pests. It is to be considered non-toxic on an 321 
acute basis to mammals and birds. The chemical is labeled as toxic to fish and fresh water 322 
invertebrates. Based on acute oral and contact research spirotetramat also can be labeled 323 
as non-toxic to honey bees. The only exception to this is when brood feeding was tested. 324 
The results showed a higher mortality of adult honeybees and the pupae, early brood 325 
termination, decreased larval abundance, and perturbation of brood development. Based 326 
on these findings spirotetramat has been labeled as toxic to bees, and should not be 327 
applied on blooming plants or allowed to drift to areas where bees are visiting. The direct 328 
application and residuals of treatments lead to adverse affects on bee colonies. These 329 
dangers are considered to be sub-lethal effects, which are effects that have a delayed 330 
response due to the fact that the honeybee is not immediately affected by the insecticide 331 
(EPA 2008, Nauen et al. 2008).  332 
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The mode of action for spirotetramat is inhibition of lipid biosynthesis. Through 333 
the inhibition of lipogenesis the treated insects experience decreased levels of lipid 334 
contents. Lipogenesis, also known as lipid biosynthesis, is the metabolic process that 335 
converts simple sugars into fatty acids. It also plays a key role in synthesizing 336 
triacylglycerols through a complex reaction that involves fatty acids and glycerol. Lipids 337 
are vital for an organism’s survival due to the important roles that they have in 338 
organism’s bodies (Nelson and Cox 2005).  339 
The results of the lipid biosynthesis are growth inhibition in juvenile insects, as 340 
well as a reduction in the ability of adult insects to reproduce. Spirotetramat is more 341 
effective against the juvenile stages of the aphid pests. Spirotetramat also reduces the 342 
fertility and fecundity of the female adults. Adult female aphids that are treated with low 343 
doses of spirotetramat are reported to produce non-viable nymphs, or nymphs that 344 
survived for less than 24 h. Adult weight was observed to increase, likely due to an 345 
accumulation of non-viable nymphs. Adult aphids were reported to survive for 4-7 d after 346 
foliar application of spirotetramat (EPA 2008, Nauen et al. 2008, Nelson and Cox 2005).  347 
 Spirotetramat has been labeled as a fully systemic insecticide, or ambimobile. 348 
This means that once absorbed through foliar uptake the chemical can be found 349 
throughout the plant. This occurs through complete translocation of the insecticidal 350 
activity by means of the plant’s xylem and phloem. In a plant, xylem is the transport 351 
tissue that moves water and inorganic nutrients from the roots of the plant to the rest of 352 
the plant tissues, or upward movement. Phloem is the transport tissue that moves organic 353 
nutrients from areas where photosynthesis is occurring to areas where the nutrients can be 354 
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stored. During the growth of the plant, the roots become sources of nutrients and the new 355 
growth becomes a sink for the resources (Hopkins and Hüner 2008). The chemical travels 356 
upwards and downwards through the plant. 357 
 Translocation through the phloem allows the chemical to be applied on mature 358 
leaves, and then be detected in new growth. Chemicals with xylem activity achieve 359 
movement throughout the plant when they are applied to the soil or as a seed treatment, 360 
but they do not have activity throughout the plant when they are applied as a foliar 361 
treatment. The ability to translocate throughout the plant allows the insecticide to protect 362 
the roots and new leaves of the treated plants from pests  (Nauen et al. 2008). The 363 
mobility of the insecticide is also important for the control of the pests that typically 364 
avoid treatments because of their location on the host plant (Brück et al. 2009). Another 365 
characteristic that increases the efficacy of spirotetramat is its translaminar activity. 366 
Translaminar insecticides penetrate the leaf tissue, and then pool in the leaves. This 367 
allows them to be present in high doses and to be effective against sucking insects (Brück 368 
et al. 2009).  369 
Spirotetramat has limited contact activity on insects for which it is used to treat. 370 
Previous experiments have found that when used to control aphid populations 371 
spirotetramat induced mortality in less than 50% of the aphids dipped into the insecticide. 372 
This is in contrast to the complete mortality of aphids that were fed leaves that were 373 
dipped in a lower concentration of the chemical (Nauen et al. 2008). Spirotetramat is 374 
considered to be safe to moderately safe for most natural enemies of aphids, which makes 375 
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it a good candidate for use in a setting where natural enemies are able to contribute to 376 
pest mortality (Brück et al. 2009). 377 
Imidacloprid 378 
 Imidacloprid is a systemic neonicotinoid insecticide that was first introduced in 379 
1991 and has become a very popular choice worldwide for use against insect pests 380 
(Nauen and Bretschneider 2002). Imidacloprid acts as an agonist at the post-synaptic 381 
nicotinic acetylcholine receptors (nAChRs) in the central nervous system (Yu 2008). The 382 
chemical is active both as a contact and stomach poison (Yu 2008). It is marketed for use 383 
against many insect pests including aphids (Tomizawa and Casida 2005).  384 
It is also used to control insects such as leafhoppers (Hemiptera: Cicadellidae), 385 
thrips (Thysanoptera), whiteflies (Hemiptera: Aleyrodidae), and a variety of soil insects 386 
(Yu 2008). It is considered a systemic insecticide due to the fact that it moves within the 387 
plant once the chemical is absorbed. The activity of imidacloprid in a plant consists of 388 
movement in the xylem. Imidacloprid has effective translaminar efficacy for controlling 389 
aphids. The translaminar efficacy was reduced after two days (Weichel and Nauen 2003). 390 
Neonictinoids such as imidacloprid and others are commonly used as seed or soil 391 
treatments due to its xylem activity. By applying these insecticides to the soil or seed, 392 
protection is available when the plant emerges (Johnson et al. 2008, Ohnesorg et al. 2009, 393 
Palumbo and Kerns 1994). Because of its ability to move within the xylem of the plant 394 
imidacloprid is used as a seed treatment, foliar applied insecticide, or a soil applied 395 
insecticide (Magalhaes et al. 2008). 396 
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Neonictinoids are popular choice of insecticides due to their low risk of toxicity to 397 
non-target organisms. The progress towards discovering neonictinoids began in the 398 
1970’s. The initial compounds were not stable in sunlight, and would degrade in a short 399 
amount of time. Later formulations led to the discovery of imidacloprid (Jeschke and 400 
Nauen 2008, Tomizawa and Casida 2003). 401 
Esfenvalerate 402 
Pyrethroid is a term that is used to describe the naturally occurring pyrethrum 403 
compound as well as the synthetic analogs based off of the pyrethrum structure. The 404 
compounds that are not derived from the pyrethrum flowers are commonly referred to as 405 
synthetic pyrethroids. Pyrethrum is a solvent extract of the flowers that has active 406 
ingredients that are referred to as pyrethrins. Pyrethrins are composed of four esters that 407 
are synthesized from of two alcohols, pyrethrolone and cinerolone, and two acids, 408 
chrysanthemic acid and pyrethric acid. Synthetic pyrethroids can be further divided into 409 
types I and II based on their action on the sensory neurons (Yu 2008). 410 
Pyrethrum is found in the flowers of the plants that are known as pyrethrum 411 
flowers, which are a type of daisy, Chrysanthemum cinerariaefolium, from the family 412 
Asteraceae (Yu 2008). To extract pyrethrum the flowers of the C. cinerariaefolium must 413 
be dried, ground, and then a solvent is used to finish the extraction process. The 414 
pyrethrum compounds are found in the secretory ducts of the achenes. At this location the 415 
compounds are protected from photodecomposition. It is interesting that at this location 416 
in the flowers the compounds are also isolated from insects that are feeding or pollinating 417 
C. cinerariaefolium (Casida 1980).  418 
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 Pyrethrins were used in the 1800’s to control insect pests such as lice. Since then 419 
a market for the pyrethrum flowers has flourished. The pyrethrins were not used widely 420 
in agricultural settings due to their photo instability as well as their instability in air. 421 
However they were used in home settings for the control of flies and mosquitoes. It was 422 
originally thought that these compounds were nontoxic to mammals but that has changed 423 
with further research that has shown them as being slightly toxic. The original health 424 
issues that arose with contact with pyrethrins were dermatitis or other allergic reactions. 425 
It was determined that these reactions were caused by impurities that originated from the 426 
extraction process (Casida 1980).  427 
The pyrethroids are classified as both first and second-generation insecticides. 428 
The naturally occurring pyrethrum is part of the first generation of insecticides because it 429 
is a botanical insecticide. First-generation insecticides are classified by being inorganic 430 
compounds or botanical insecticides that have a broad-spectrum activity on insects. The 431 
synthetic pyrethroids are considered second-generation insecticides, which are classified 432 
by being synthetic and having broad-spectrum activity (Hummel 1983).  433 
Pyrethroids are effective at knocking down insect pests, but the chance of insect 434 
mortality from them alone is low unless a very high dose is applied. Because of this, 435 
methods were devised where pyrethroids were applied with synergists that increased their 436 
potency. The synergists were able to increase potency by inhibiting the degradation of the 437 
pyrethroids by enzymes that occur in the insect. The enzymes that are attributed with the 438 
degradation of pyrethroids are esterases and cytochrome P450 monooxygenases (Yu 439 
2008). The effects of synergism of pyrethroids depend on what compounds are 440 
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formulated with them (Casida 1980). To understand the action of pyrethroids against 441 
insects the insect nervous system must first be reviewed. 442 
An insect’s nervous system is composed primarily of nerve cells that are 443 
commonly referred to as neurons. A neuron is composed of a cell body that is known as 444 
the perikaryon, receptor processes known as dendrites, and a process known as an axon 445 
that delivers information to other neurons or effector organ cells. There are three types of 446 
neurons known as monopolar, bipolar, and multipolar. Monopolar neurons make up the 447 
neurons that are also known as motor neurons and interneurons. Interneurons remain in 448 
the central nervous system and send and receive signals to the sensory, motor, or other 449 
interneurons. These neurons are responsible for the transmission of signals to the muscles 450 
to cause movement. Bipolar neurons make up the sensory neurons that are responsible for 451 
sending signals to the central nervous system. Multipolar neurons function to determine 452 
the position of internal organs (Chapman 1998).  453 
Signals are sent from neuron to neuron by action potentials. A normal resting 454 
neuron plasma membrane has an electrical potential of around -70 mV, because the 455 
resting stage has a charge it is referred to as being polarized. This potential is maintained 456 
by the cells permeability to potassium, and its impermeability to sodium. For a 457 
transmission of a signal to occur the incoming signal must first be converted to an 458 
electrical energy. This incoming energy then changes the membrane potential of the cell. 459 
The action potential that is created then travels down the axon where it is then transmitted 460 
to another cell at a synapse. The potentials in the cells are maintained by the diffusion of 461 
potassium and sodium keeping the levels of potassium in the cell higher than outside of 462 
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the cell, and keeping the levels of sodium in the cell lower than outside of the cell 463 
(Chapman 1998). 464 
Both pyrethrum and the synthetic pyrethroids work similarly on insects. Both 465 
compounds affect the sodium channels that are critical for maintaining the normal axonal 466 
action potentials that were previously mentioned. Sodium channels work in accordance 467 
with potassium channels. Each axon in an insect has two sodium voltage-gated channels. 468 
Each sodium channel has two voltage-sensitive gates, an activation gate and an 469 
inactivation gate (Yu 2008). 470 
 Action potentials normally start with a small increase in the permeability of the 471 
cell membrane to sodium ions. This allows sodium ions to produce a small depolarization 472 
of the membrane, which initiates the opening of the voltage-sensitive gates. This allows a 473 
rapid positive charge to occur on the inside of the cell membrane; this stage is referred to 474 
as the rising stage and is a period of depolarization. This stage does not last long because 475 
the sodium channels are closed and the gates are inactivated. The potassium channels do 476 
not reopen as quickly as the sodium channels close, so a negative charge is once more 477 
achieved on the inside of the cell membrane; this is referred to as the falling stage. The 478 
total time from start to finish of an action potential is only 2 or 3 milliseconds. The 479 
process just mentioned will continue down an axon in a form of a circuit until it reaches 480 
the synapse (Chapman 1998).  481 
 The mode of action for pyrethrum and synthetic pyrethroids deal with the 482 
compounds binding to the voltage-gated sodium channels.  Their binding in turn inhibits 483 
the voltage-sensitive gates from closing and by doing so prevents the sodium inactivation 484 
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from taking place when it normally would during the falling stage. When the compound 485 
is removed from the sodium channel the cell membrane still exhibits a reduced negative 486 
after potential. This indicates that the pyrethroids cause a prolonged effect on the axon 487 
because it is not capable of recovering to the resting stage. Essentially the pyrethroids 488 
prolong the depolarization of the axon, a process that normally occurs in a very short time 489 
especially when considering that an entire action potential occurs in 2 or 3 milliseconds. 490 
This prolonged depolarization is what leads to the negative effects of the insecticide on 491 
the insect. Although both pyrethroid types I and II bind to the sodium gate, the 492 
mechanisms and the location of their binding differ (Coats 1990, Chapman 1998, Yu 493 
2008). 494 
Because of the differing mechanisms, insects react to pyrethroid types I and II 495 
differently. Type I compounds induced repetitive discharges in sensory neurons during in 496 
vitro studies. The repetitive discharges are due to the increase in the after potential when 497 
it would normally be approaching the resting voltage of around -70 mV. What the 498 
repetitive discharges are referring to are repeated signals that are delivered due to the fact 499 
that the sodium channel is not shut off, this results in muscle actions that would not be 500 
repeated as quickly under normal conditions. The type I compounds also have a negative 501 
temperature coefficient of toxicity. This means that these compounds are more effective 502 
when used at low temperatures (Casida 1980, Coats 1990).  503 
In contrast to the type I compounds, the type II compounds cause a slow 504 
depolarization of the nerve membrane. This action of type II compounds decreases the 505 
size of the action potential that can be produced, which in turn leads to a decrease or 506 
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complete loss of the neurons’ ability to be electrically excited due to the depolarization 507 
that occurs, which would most likely result in paralysis of the insect. The type II 508 
compounds have a positive temperature coefficient of toxicity, which means that they are 509 
more effective at higher temperatures (Coats 1990, Yu 2008). 510 
Symptoms based on the toxicity of pyrethroids also differ between types I and II. 511 
Type I symptoms include an increase in aggression, tremors, collapse, and elevated body 512 
temperatures. Type II symptoms include production of saliva, movement of the 513 
mouthparts, choreoathetosis, seizures, and an increased burrowing actions. 514 
Choreoathetosis is the involuntary movement of the appendages. It was found that the 515 
potency of the compounds depends on their lipophilicity and steric parameters (Coats 516 
1990).  517 
Other proposed mechanisms of action for pyrethroids include action on the γ- 518 
aminobutyric acid receptor and interference in calcium regulation. The mechanism of 519 
action towards the GABA receptor deals with the inhibition of the normal chloride 520 
channel function at the GABA receptor-ionophore complex. This mechanism deals with 521 
poisoning from type II pyrethroids. To assess how the pyrethroids were affecting the 522 
GABA receptor, the ligand t-butylbicyclophosphorothionate (TBPS) was used. The type 523 
II pyrethroids had a high inhibitory response at the TBPS binding site. In insects, GABA 524 
plays the role of a muscle contraction inhibitor. Under normal conditions GABA, which 525 
is a neurotransmitter, is released and changes the permeability of the cell membrane. It 526 
induces the influx of chloride ions, which hyperpolarize the cell by decreasing the 527 
membrane potential. By doing this GABA is able to force a muscle to release the tension 528 
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that is being exerted by its fibers, causing it to relax (Lawrence and Casida 1983, Coats 529 
1990 Chapman 1998). Although type II did show action against the GABA receptor- 530 
ionophore complex it was also noted that the concentration required to produce the action 531 
was several times greater than the concentration required to cause an affect on the 532 
voltage-gated sodium channels (Soderlund and Bloomquist 1989).  533 
The role pyrethroids play in interference of calcium regulation deals with the 534 
inhibition of the ATPases that normally regulate the intracellular calcium levels. Calcium 535 
is essential for muscle contractions in insects. Without calcium the troponin- 536 
tropomyosin-actin complex will not allow for the binding of myosin and movement of 537 
the muscle will not occur. When calcium is present it binds to the low affinity site on the 538 
troponin molecule, which results in a conformational change allowing the tropomyosin 539 
molecule to reposition. This allows the myosin to attach to the double stranded actin 540 
molecule. The myosin head pulls itself along the actin molecule producing movement. 541 
Under normal conditions a Ca-ATPase pump would then remove the calcium from the 542 
troponin low affinity site and pump it back to the sarcoplasmic reticulum where it is 543 
normally stored (Chapman 1998).  544 
When pyrethroids are present, the normal action of the Ca-ATPase is inhibited, 545 
resulting in the myosin remaining attached to the actin. The result of this would most 546 
likely be paralysis because the insect’s muscles would be continuously contracted, and 547 
further movement of the myosin along the actin chain would be inhibited. The studies 548 
that were testing this theory found that type II compounds were more potent than the type 549 
I compounds towards the inhibition of the Ca-ATPase (Soderlund and Bloomquist 1989).  550 
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Pyrethroids have been used for hundreds of years. The newer synthetic 551 
pyrethroids have been used extensively since the 1970’s. Because pyrethroids all have a 552 
similar mode of action, resistance has arisen in many pests. Resistance occurs when a 553 
pest species undergoes a genetic change that is inheritable in response to selection caused 554 
by a toxicant. Even though there are pests that are resistant to pyrethroids they are still a 555 
popular option for control of insect pests (Yu 2008).  556 
Bioresidual and Pest Resurgence 557 
 The infestation of many soybean fields in North America with A. glycines has 558 
caused an increase in the use of broad-spectrum insecticides. The repeated use of such 559 
products increases the risk for resistance development in A. glycines populations. The use 560 
of broad-spectrum insecticides also decreases the populations of many insects that are 561 
beneficial for soybean. Because of these reasons there has been a push for insecticides 562 
that target pests without destroying the populations of beneficial insects.  563 
When an insecticide is useful at targeting the pest insect without causing 564 
extensive damage to the beneficial insect populations, including natural enemies, it is 565 
commonly referred to as being a biorational insecticide. Another term commonly used to 566 
describe these insecticides is reduced-risk. Biorational insecticides include insect growth 567 
regulators (IGR), feeding inhibitors, horticultural oils, insecticidal soaps, and microbials 568 
(Cloyd and Dickinson 2006). Because these chemicals are capable of targeting a specific 569 
pest they are also referred to as selective insecticides.  570 
The use of selective insecticides allows for an extended period of suppression of 571 
the pests, extended control without the use of insecticides is known as bioresidual 572 
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(Ellsworth and Martinez-Carrillo 2001). The concept of bioresidual becomes important 573 
when considering the use of broad-spectrum insecticides, which can be followed by a late 574 
season resurgence of the A. glycines populations. The resurgence of A. glycines 575 
populations can be associated with the use of broad-spectrum insecticides, which kill 576 
both the target pest as well as the natural enemy communities (Johnson et al. 2008, Myers 577 
et al. 2005). Pest resurgences are a part of a larger phenomenon known as ecological 578 
backlash. ‘Ecological backlash involves the counter responses of pest populations or 579 
other biotic factors in the environment that diminish the effectiveness of management 580 
tactics’. Other factors that contribute to ecological backlash can be resistance and 581 
replacement (Pedigo and Rice 2009).  582 
Resistance is a genetic change that occurs in a population in response to selection, 583 
which can be induced (Yu 2008). It is normally the result of repeated failure of a product 584 
to achieve a desired level of control when using the recommended rates of the product. 585 
Resurgence occurs when a population rebounds after suppression to populations that are 586 
greater than they were previously. The term replacement refers to a situation when the 587 
primary pest is controlled, but an insect that is normally not a pest under normal 588 
conditions becomes a serious pest. Three important causes for pest resurgence can be the 589 
immediate reduction of the pest’s natural enemies by the insecticides that were applied, 590 
direct favorable influences of the insecticide on the pest, and the removal of a 591 
competitive species (Ripper 1956). These outbreaks occur when the primary pest is 592 
controlled, but a minor pest reaches populations that cause economic damage (Pedigo and 593 
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Rice 2009). Resurgence is a major concern when deciding between the use of broad- 594 
spectrum and selective insecticides.  595 
Resurgence is typically seen when the natural enemies of the pest are reduced to 596 
levels that are no longer effective at controlling the pest. A major cause for the reduction 597 
of natural enemies is the use of insecticides. This reduction can occur from direct or 598 
indirect mortality caused by the insecticides. Direct mortality occurs when the 599 
insecticides produce immediate negative effects on the natural enemies. Some natural 600 
enemies have been noted as having the ability to tolerate certain insecticides, while others 601 
have been noted as being highly susceptible. The susceptibility of the insect depends on 602 
its ability to detoxify the compounds that cause mortality. Indirect mortality caused by 603 
insecticides can occur when a predator starves due to a lack of prey, or when the predator 604 
feeds on contaminated prey and die of a secondary poisoning. Another indirect effect is 605 
repellency, which causes the insect to avoid the areas where the insecticide was applied 606 
(Pedigo and Rice 2009). 607 
To facilitate the proper use of insecticides, integrated pest management (IPM) 608 
programs have been developed. IPM can be described as ‘a decision-based process 609 
involving coordinated use of multiple tactics for optimizing the control of all classes of 610 
pests (e.g. insects, pathogens, weeds, vertebrates) in an ecologically and economically 611 
sound manner’ (Prokopy 2002). The steps for integrated pest management include: 612 
simultaneous management of multiple pests, setting action thresholds for the pests, 613 
monitoring and identifying pests, monitoring the natural enemies, taking preventative 614 
steps, and controlling populations of pests that have reached the set action thresholds with 615 
  23 
multiple, suppressive tactics (EPA 2009, Ehler 2006). By using a management plan based 616 
on IPM the producer is able to protect environmental, economic, and social interests 617 
(Ellsworth and Martinez-Carrillo 2001).  618 
The use of a selective insecticide in an IPM system helps to prolong control 619 
methods by reducing the mortality of beneficial insects. Selective insecticides must still 620 
be rotated to prevent resistance from forming from overuse of one chemical (Javed and 621 
Matthews 2002). Treatment timing is important because of the possibility of pest 622 
resurgence with selective insecticides. Early treatment may allow the pest to re-establish 623 
a population easier, because the natural enemy populations at the time of application are 624 
low. Later applications were successful for selective insecticides because the natural 625 
enemy populations were higher and the natural enemies were not affected by the 626 
insecticide application.  When the residual effects of an insecticide were no longer 627 
present the natural enemies were able to keep pest populations in check. During the times 628 
after an application of a selective insecticide there is evidence that the natural enemy 629 
populations will decrease due to a decrease in food sources (Gerling and Naranjo 1998, 630 
Sequeira and Naranjo 2008).  631 
IPM is important when using selective insecticides due to the fact that the 632 
economic threshold (250 per plant for A. glycines) must be reached before the application 633 
of the insecticide; this delay allows the populations of natural enemies to reach increased 634 
numbers (Ragsdale et al. 2007). By doing so the natural predators are able to contain any 635 
population resurgences that may occur after the insecticide application (Javed and 636 
Matthews 2002). Research has found that with the use of selective insecticides to control 637 
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whiteflies, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) there are decreases in 638 
natural enemy (parasitoid wasps) populations after the application of selective 639 
insecticides that were used. This has been correlated with a decreased number of whitefly 640 
hosts from both the insecticide and parasitism due to parasitoid wasps (Gerling and 641 
Naranjo 1998). 642 
Insect Growth Regulators 643 
Many of the insecticides that are capable of producing a bioresidual are insect 644 
growth regulators. An insect growth regulator (IGR) is a chemical that through its mode 645 
of action either causes direct insecticidal mortality, or predation due to bioresidual 646 
(Ellsworth and Martinez-Carrillo 2001). Some insect growth regulators prolong the 647 
maturity of the target insect pest (Liu and Chen 2001). Insect growth regulators should 648 
not be used more than once per season. An increased chance for resistance to the IGR 649 
develops if it is used more frequently (Ellsworth and Martinez-Carrillo 2001).  650 
The use of refuges to prevent the development of resistance is also important. A 651 
refuge provides an area where insects not affected by the insecticide can reside. In ideal 652 
conditions, the refuge insects will mate with insects that were not killed by the 653 
insecticide, and by doing so prevent the build up of resistant genes in the population. 654 
Refuges are most effective when resistance is a recessively inherited trait (Pedigo and 655 
Rice 2009).  656 
Beneficial insects are not limited to natural enemies. Bees and other insects that 657 
carry out tasks that are important to crops are also considered to be beneficial (Liu and 658 
Chen 2001). Application timing of insect growth regulators determines the amount of 659 
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insecticide that beneficial insects come into contact with (Van Driesche et al. 2000). This 660 
is not true only for the adult insects, but also for the eggs and larvae of beneficial insects. 661 
Some insects are more susceptible to the insect growth regulators at certain life stages 662 
(Prabhaker et al. 2007).  663 
 664 
Objectives 665 
 666 
 During the 2009 and 2010 summers I studied the susceptibility of the soybean 667 
aphid (Aphis glycines Matsumura) to the chemicals spirotetramat, imidacloprid, 668 
esfenvalerate, and CMT-560, which is the combination of spirotetramat and imidacloprid. 669 
CMT-560 contains an adjuvant in the bottle, which was referred to by Bayer 670 
CropSciences as Adjuvant A. To ensure that the spray adjuvants that were used did not 671 
lead to differing results, Adjuvant A was obtained from Bayer CropSciences. The 672 
objectives of the research were: 673 
 674 
Chapter Two Objectives: 675 
1. Based on the null hypothesis that the soybean aphid populations treated with 676 
selective insecticides will be equal to those treated with a broad-spectrum 677 
insecticide, we will determine the impact of spirotetramat and imidacloprid alone 678 
and in combination, CMT-560, on soybean aphids. We will also be able to see the 679 
effectiveness of selective insecticides when compared to the broad-spectrum 680 
insecticide.  681 
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2. We will use the null hypothesis that A. glycines populations on the caged plants 682 
will be equal to the soybean aphid populations on the uncaged plants to estimate 683 
the level of control of the aphids in the caged and uncaged plants This will also 684 
determine the level of bioresidual that was present during the study.  685 
3. The null hypothesis that biological control will not differ between selective 686 
insecticide treatments and the broad-spectrum insecticide treatment will allow us 687 
to determine the effectiveness of the natural enemies in each treatment. Based on 688 
this we will be able to test the null hypothesis that a biological residual or 689 
bioresidual effect will be present in the selective insecticide treatments and not the 690 
broad-spectrum treatment.  691 
4. The null hypothesis that the biological control services index is equal amongst all 692 
treatments will determine if the cages caused any changes in the impacts of the 693 
natural enemies on the soybean aphid populations.  694 
5. Estimate the residual activity for at least 27 days after the application of the 695 
insecticides in the field by continuing sweep net sampling and counts. 696 
 697 
Chapter 3 Objectives: 698 
1. The null hypothesis that the natural enemies in soybean will not differ between 699 
years will allow us to determine if the natural enemy community in soybean is 700 
constant between years. 701 
2. The null hypothesis is that there will be no difference between the effects that 702 
selective insecticides and a broad-spectrum insecticide have on the natural enemy 703 
  27 
community present in soybean. This will allow us to determine the effects that 704 
selective insecticides have on natural enemies, and compare that to the effect that 705 
a broad-spectrum insecticide has on them as well.  706 
3. The null hypothesis that there will be no differences among insecticides and their 707 
effects on individual species of natural enemies will allow us to determine if 708 
insecticides with different modes of action affect individual species of natural 709 
enemies differently, whether they are selective or broad-spectrum. 710 
 711 
 712 
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Chapter 2 887 
CAN MANAGEMENT OF APHIS GLYCINES (HEMIPTERA: APHIDIDAE) 888 
WITH SELECTIVE INSECTICIDES RESULT IN A BIORESIDUAL? 889 
Adam J. Varenhorst, Matthew E. O’Neal 890 
 891 
Abstract 892 
 893 
The arrival of Aphis glycines Matsumura to North America has led to increased 894 
insecticide use on soybean, Glycine max (L.) Merr., in the years following its arrival. 895 
These insecticides are broad-spectrum and have negative impacts on the aphidophagous 896 
natural enemies. Selective insecticides have been reported to control pest populations of 897 
other Hemipteran pests, such as Bemisia tabaci, in cotton with minimal effects on the 898 
natural enemy communities. These insecticides have also been associated with a 899 
phenomenon known as a bioresidual. A bioresidual is the result of the presence of a 900 
healthy natural enemy community after insecticide residuals have worn off. In order to 901 
test if selective insecticides could provide control of A. glycines in soybean, we 902 
conducted a two-year study that compared a broad-spectrum insecticide to several 903 
selective insecticides. We conducted a field study during the 2009 and 2010 field seasons 904 
during which we tested the efficacy of a broad-spectrum insecticide against selective 905 
insecticides. We conducted a cage study to determine the residual activity of one broad- 906 
spectrum and three selective insecticides to determine if biological control was present in 907 
the field, and if the presence of biological control differed among treatments. We 908 
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concluded that selective insecticides are a viable control option for the reduction of        909 
A. glycines populations based on evidence that they reduced A. glycines populations and 910 
prevented yield loss. There was evidence of biological control; however, a bioresidual 911 
was present only in 2010 during the 10 to 19 DAT sampling period. 912 
 913 
Introduction 914 
 915 
Since the arrival of the soybean aphid, Aphis glycines Matsumura, to North America 916 
in 2000 (Alleman et al. 2002, Venette and Ragsdale 2004) it has become an economically 917 
important pest of soybean, Glycine max (L.) Merr (Ragsdale et al. 2007). Aphis glycines 918 
populations have been reported to reduce soybean yield by up to 50% in their native 919 
range of Asia (Wang et al.1994) and up to 40% in North America (Ragsdale et al. 2007. 920 
Control of A. glycines relies on the use of foliar-applied insecticide applications (Johnson 921 
et al. 2009), which in an integrated pest management (IPM) system occur once the 922 
economic threshold (ET) of 250 aphids is reached (Ragsdale et al. 2007). Historically 923 
insecticide use on soybean was limited, but since the arrival of A. glycines insecticide use 924 
on soybean has increased (NASS/USDA 1999, NASS/USDA 2005). Insecticides that are 925 
commonly used are pyrethroids and organophosphates, which are both broad-spectrum in 926 
nature (Olson et al. 2008).  927 
Broad-spectrum insecticides not only provide effective control of pest populations, 928 
but also diminish the insect natural enemy populations (Ellsworth and Carillo 2001, 929 
Naranjo 2001). The reduction of natural enemies can lead to a pest resurgence, which can 930 
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occur after the insecticide is no longer active, and the pest is present in the field due to 931 
either surviving the treatment or new individuals migrating into the field after the 932 
treatment (Pedigo and Rice 2009, Stern et al. 1959). The time an insecticide remains 933 
active in the field (i.e. residual activity) depends on the chemical that was applied. Due to 934 
degradation, this residual activity is typically no more than two weeks for selective 935 
insecticides (Ellsworth and Carrillo 2001). Factors that affect residual activity of foliar- 936 
applied insecticides are the chemical properties of the insecticide, light, wind, relative 937 
humidity, temperature, systemic properties, and chemical properties of the plant (Pedigo 938 
and Rice 2009).   939 
In Asia, the native range of A. glycines, there are several different natural enemies 940 
that provide significant sources of mortality. In some years, the natural enemies of          941 
A. glycines are important for delaying its population outbreaks or maintaining their 942 
populations below the economic injury level (EIL) (Schmidt et al. 2007, Schmidt et al. 943 
2008, Gardiner et al. 2009, Costamagna and Landis 2008).  An early season application 944 
of a broad-spectrum insecticide can limit the natural enemy community’s potential for 945 
control (Johnson et al. 2008, Pedigo and Rice 2009). Insecticides applied when                946 
A. glycines densities reach ET can prevent yield loss (Ragsdale et al. 2007, Johnson et al. 947 
2009). Insecticide applications were found to be most effective when they occurred at the 948 
R3 growth stage of soybean (Pedersen 2004), but a yield diminishing resurgence of              949 
A. glycines is still possible even with a well-timed insecticide application (Myers et al. 950 
2005). The current agricultural setting has already reduced the diversity of natural 951 
enemies and their effectiveness when compared to a system that employs a more diverse 952 
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plant fauna (Gardiner et al. 2009, Landis 2000). The use of broad-spectrum insecticides 953 
may further reduce the effectiveness of the natural enemy community. The natural enemy 954 
community of A. glycines is the insects that use it as a source of nutrition.  (Pedigo and 955 
Rice 2009, Ohnesorg et al. 2009). Aphis glycines is predated by a natural enemy 956 
community that is represented by insects from the orders Coleoptera, Hemiptera, Diptera, 957 
Hymenoptera, Neuroptera, and also by arachnids from the orders Araneae and Opillones. 958 
The two major insects predators considered to have an impact on the population sizes of 959 
A. glycines are Orius insidiousus (Say) (Hemiptera: Anthocoridae) and                960 
Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) (Fox et al. 2004, Fox et al. 2005, 961 
Rutledge et al. 2004, Schmidt et al. 2007, 2008, Ohnesorg et al. 2009).  962 
Reduced-risk or selective insecticides provide an alternative for A. glycines control. 963 
Reduced-risk insecticides are defined by the Environmental Protection Agency (EPA) as 964 
“insecticides that may reasonably be expected to accomplish one or more of the four 965 
following objectives: 1) reduce the risks of pesticides to the human health; 2) reduce the 966 
risk of pesticides to nontarget organisms; 3) reduce the potential for contamination of 967 
groundwater, surface water, or other valued environmental resources; and 4) broaden the 968 
adoption of integrated pest management (IPM) strategies, or make such strategies more 969 
available or more effective” (EPA 1997). Selective insecticides affect target insects while 970 
having minimal effects on natural enemies that are also present in the field during 971 
insecticide application (Pedigo and Rice 2009). Previous research has demonstrated the 972 
effectiveness of selective insecticides against whitefly, Bemisia tabaci Gennadius 973 
(Hemiptera: Aleyrodidae) (Ellsworth and Carillo 2001, Naranjo 2001, Naranjo et al. 974 
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2003). When selective insecticides such as pyriproxyfen and buprofezin were used for the 975 
control of B. tabaci; the insecticides did not only control the whitefly; but also a 976 
continued control was seen after the insecticide residual activity against the target pest 977 
had worn off. This extended management of the target pest beyond what was expected 978 
for the insecticide residual activity was referred to as a bioresidual (Naranjo 2001, 979 
Ellsworth and Carillo 2001). A bioresidual includes both direct and indirect effects on 980 
pest mortality due to the applied insecticide. The indirect effects are due to control 981 
provided by natural enemies that were conserved due in part by the selective nature of the 982 
insecticide that was applied. The natural enemies that are present in the field have an 983 
increased functional response, which allows them to remove any of the pest insects that 984 
either did not incur mortality due to the insecticide, or immigrated into the field after the 985 
insecticide residual has worn off. By comparison, an insecticide that provides a 986 
bioresidual may prevent pest resurgences that could otherwise threaten the yield of the 987 
crop when a broad-spectrum insecticide is used (Ellsworth and Carillo 2001, Naranjo 988 
2001, Naranjo et al. 2004).  989 
The first objective of this experiment was to determine if selective insecticides 990 
provide adequate control of A. glycines populations that is comparable to control 991 
provided by broad-spectrum insecticides. The second objective was to determine if the 992 
insecticide residual activities were different between the broad-spectrum and selective 993 
insecticides. Our third objective was to determine if the insect natural enemy community 994 
present in the field provide biological control of A. glycines. The final objective was to 995 
determine if selective insecticides could provide a bioresidual effect in soybean.  996 
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Materials and Methods 997 
 998 
 999 
 1000 
Field Site. This experiment was located at Iowa State University’s Johnson Research 1001 
Farm in Story County, IA. For both years of this experiment, 2009 and 2010, 1002 
conventional tillage and weed management practices were used. Commercially available 1003 
cultivars considered susceptible to A. glycines were used (PB 2207N RR in 2009 and 1004 
Pioneer 92M61 RR in 2010; Prairie Brand, Story City, IA and Pioneer Hi-Bred 1005 
International, Inc., Johnston, IA respectively). The seed used in 2009 and 2010 was not 1006 
pre-treated with insecticides. Soybean were planted on 4 June 2009, and 24 May 2010. 1007 
For both years soybean were planted in six 23m by 15m blocks. Each block contained 1008 
five plots that were 5m by 15m. For both years plots were planted with 76-cm row 1009 
spacing and a seed population of 400,000 seeds per ha.  1010 
Evaluating the Performance of Broad-spectrum and Selective Insecticides for    1011 
A. glycines management. We tested the hypothesis that the ability of a broad spectrum 1012 
insecticide to prevent A. glycines outbreaks differs from that of selective insecticides 1013 
within a randomized complete block design with treatments replicated six times. The 1014 
treatments consisted of an untreated control, and three foliar-applied insecticides that 1015 
consisted of a broad-spectrum insecticide (esfenvalerate, Asana XL, DuPont), and three 1016 
selective insecticides including spirotetramat (Movento, Bayer CropSciences, Research 1017 
Triangle Park, NC), imidacloprid (Provado 1.6, Bayer CropSciences, Research Triangle 1018 
Park, NC), and a combination of imidacloprid and spirotetramat at a 1:1 ratio which will 1019 
be referred to as CMT-560 (Table 1). All insecticide treatments were mixed with the 1020 
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same adjuvant, Adjuvant A, which is pre-mixed with CMT-560. All insecticide 1021 
treatments were also supplemented with the adjuvant ammonium sulfate (AMS). The 1022 
treatments consisted of foliar insecticides that were to be applied at the economic 1023 
threshold of 250 aphids per plant (Ragsdale et al. 2007). In 2009, insecticides were 1024 
applied on 12 August 2009 when the ET was reached. Due to low A. glycines pressure in 1025 
2010, insecticides were applied on 15 August 2010, which was during the same calendar 1026 
period when insecticides were applied during 2009. Insecticides were applied using a 1027 
backpack sprayer and a 229 cm hand boom that covered three rows, which was equipped 1028 
with TeeJet 11002 Twin Jet nozzles. Active ingredients were applied at a rate of 237 1029 
liters/ha by using a nozzle spacing of 38.1 cm and a line pressure of 275 kPa (Johnson et 1030 
al. 2008, Ohnesorg et al. 2009).  1031 
Estimates of A glycines populations began after soybean emergence in both years (15 1032 
June 2009 and 18 June 2010). The populations of A. glycines were estimated once per 1033 
wk; after the application of insecticides, estimates were taken every 3 d for three wks in 1034 
2009 and for two wks in 2010. In 2009, counts were reduced to every 7 d after the three- 1035 
wk period due to A. glycines population increases as well as predator increases. Counts 1036 
were reduced to every 7 d after the two-wk period in 2010 due to very low A. glycines 1037 
populations. 1038 
We measured A. glycines population densities by randomly selecting a row from 1039 
amongst the center four rows of each plot. Rows 1 and 6 were excluded from all counts to 1040 
limit edge effects. We counted all A. glycines (immatures and adults) by starting at the 1041 
base of the plant and moving towards the top to ensure that the entire plant was 1042 
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examined. The percent of infested plants from the previous sampling date determined the 1043 
number of plants that were counted at each date (Hodgson et al. 2004). When the percent 1044 
of plants infested was between 0 to 80%, twenty consecutive plants were counted. At an 1045 
infestation of 81 to 99%, 10 plants per plot were counted, and when the infestation level 1046 
reached 100% five plants per plot were counted.  1047 
Damage that the soybean incurred during the growing season due to A. glycines can 1048 
be measured in cumulative aphid days. It is calculated with the following equation:  1049 
 
 
1050 
where xi is the mean number of A. glycines counted on a sample date i, xi-1 is the mean 1051 
number of A. glycines measured on the previous date, and t is the number of days 1052 
between the A. glycines sampling dates or i-1 and i. Cumulative aphid days are the 1053 
summed aphid days that were accumulated throughout a growing season (Hanafi et al. 1054 
1989).   1055 
Yields for 2009 and 2010 were determined by weighing grain with a grain hopper, 1056 
which rested on a digital scale sensor that was customized for a mechanical harvester.  1057 
All six rows of a plot were used to measure the yield. Yields were corrected to 13% 1058 
moisture and are reported in kilograms per hectare. 1059 
Determining the Residual Activity of Insecticides. We used cages and artificially 1060 
infested soybean plant within our field study described above, to determine the residual 1061 
activity of both the broad-spectrum and selective insecticides on A. glycines. We infested 1062 
plants at both 10 days after treatment (DAT), and 18 DAT. At 10 DAT we hypothesized 1063 
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that all applied insecticides would still provide control of A. glycines, but that at 18 DAT 1064 
infestation date this source of mortality would be diminished. The capacity for these 1065 
treatments to provide mortality to aphids was determined by comparing the growth of 1066 
aphid populations on artificially infested plants on treated and untreated plants. 1067 
Each plot had two sets of caged plants; each cage was set around a single soybean 1068 
plant, chosen by using a random number table to determine how many steps into the plot 1069 
to take. Tomato cages were used to shelter plants using the methods of Schmidt et al. 1070 
(2007), with a 15-cm deep trench dug around the base and a fine-mesh net made of white 1071 
no-see-um netting (Quest Outfitters Sarasota, FL) buried so that it could be pulled over 1072 
the tomato cage and tied closed at the top. Uncaged plants were identified with a flag. 1073 
Three plants on each side of the caged plant were removed to ensure that insecticides 1074 
could reach the enclosed plant.  Caged plants were located at each end of a plot in the 1075 
middle two rows, and staggered so each middle row had only one cage (Fig. 1).  1076 
During 2009 A. glycines used for the cage study were obtained from a field adjacent 1077 
to the study that had a large infestation.  Where populations of A. glycines exceeded 10 1078 
aphids per plant (i.e. on plants not treated with insecticide), aphids were removed to reach 1079 
the target population. In 2010, A. glycines were very low and aphids were supplied from a 1080 
colony maintained at the Soybean Entomology Laboratory at Iowa State University to 1081 
infest plants. Caged and uncaged plants were counted every 3 d after infestation. The first 1082 
set of plants will be referred to as 10 DAT series, and the second set as the 18 DAT 1083 
series. In 2009, the first set of plants was counted until 19 DAT and the second set of 1084 
plants were counted until 27 DAT. In 2010, the first set of plants was counted until 19 1085 
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DAT, but the second set was only counted to 24 DAT due to senesce of the soybean 1086 
plants. Natural enemies and other insect herbivores were removed from cages when 1087 
found during each examination. 1088 
Determining the Presence of a Bioresidual. We were interested in determining if 1089 
there was a difference in the biological control of A. glycines among the different 1090 
treatments. To determine this, we compared the population growth of A. glycines on 1091 
caged and uncaged plants within plots treated with the different insecticides. We used 1092 
methods described by Gardiner et al. (2009) in which the difference between A. glycines 1093 
populations on caged and uncaged plants was used to quantify the amount of biological 1094 
control.  1095 
We used data that were collected from the cage study mentioned in the previous 1096 
section to calculate the values for a Biocontrol Services Index (BSI). In addition to the 1097 
caged plants we also artificially infested an uncaged plant in an adjacent row to the caged 1098 
plant (Fig. 1). To determine the magnitude of this biological control, we calculated a BSI 1099 
using the following equation developed by Gardiner et al. (2009):  1100 
 1101 
where Ac is the number of aphids on the caged plant at each sampling date, Ao is the 1102 
number of aphids on the open plant at each date, p is the plot, and n is the number of 1103 
replicates. The range of values was between 0 and 1, with 1 being the highest level of 1104 
biological control possible. When negative BSI values were observed they were reported 1105 
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as zeroes; such values occurred when the uncaged plant had greater A. glycines 1106 
populations than the caged plant. These occurred due to a lack of effective biological 1107 
control or the arrival of a large amount of alate A. glycines. Data collected to determine 1108 
the presence of a biological control was used to calculate a BSI for each treatment.  1109 
Analysis.  We tested whether there was a difference in A. glycines populations among 1110 
plots that received the selective insecticides and the broad-spectrum insecticide. To 1111 
determine the effect of the insecticide treatments on plant exposure to A. glycines, the 1112 
CAD was analyzed using the PROC MIXED procedure with SAS statistical software 1113 
version 9.2 (SAS Institute, Cary, NC). For the statistical model treatment, block, and year 1114 
were treated as fixed effects. The random effects were time(treatment) and 1115 
block*time(treatment). We log transformed the data so that it would meet the 1116 
assumptions for analysis of variance (ANOVA). We determined if the average CAD 1117 
differed by treatment by using a one-way ANOVA in PROC MIXED and using              1118 
F-protected least-squares means test for mean separation.  1119 
We determined whether selective insecticides prevented yield loss at a level 1120 
comparable to a broad-spectrum insecticide. Yield differences were analyzed by using the 1121 
PROC MIXED procedure using F-protected least squares means test for mean separation. 1122 
The fixed effects were treatment, block, and year. Random effects were treatment*block.  1123 
We used the estimates of A. glycines population growth within caged plants to 1124 
determine if the residual activity of insecticide varied among the treatments. We 1125 
compared the abundance of aphids on caged plants in each treatment using PROC 1126 
MIXED.  The fixed effects for the model were caged, which represented the caged and 1127 
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uncaged plants, treatment, and block. The random effects were time(treatment), 1128 
block*time(treatment), and caged*time(treatment). The mean differences were 1129 
determined by using an F-protected least-square means test. Data were log transformed to 1130 
meet the assumptions of normal distribution. 1131 
To further determine the nature of the residual activity of each treatment, we used 1132 
PROC REG to determine if the slope of the regression for each treatment was greater 1133 
than or less than zero. A slope of zero would indicate that no population growth was 1134 
occurring. Values were compared to zero to determine significance. If a positive slope 1135 
was calculated it would indicate that the A. glycines populations were increasing, while a 1136 
negative slope would indicate that the populations were decreasing. We would expect to 1137 
see an increasing slope from the control, and decreasing slopes from the insecticide 1138 
treatments. Data were log transformed to meet the assumptions of normal distribution.  1139 
We determined if biological control was present in a treatment by comparing the 1140 
caged and uncaged plants for each treatment. Our null hypothesis was that the level of 1141 
biological control occurring in the selective insecticide treatments would not be different 1142 
the level occurring in the broad-spectrum insecticide treatment. Caged and uncaged 1143 
plants were analyzed for A. glycines abundance differences using the PROC MIXED 1144 
procedure. Data were analyzed with a split-plot in time model in which the variable time 1145 
was nested within treatment. The fixed effects for the model were caged, which 1146 
represented the caged and uncaged plants, treatment, and block. The random effects were 1147 
time(treatment), block*time(treatment), and caged*time(treatment). The mean 1148 
differences were determined by using an  F-protected least-square means test. Treatments 1149 
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were analyzed as caged and uncaged, and then overall A. glycines abundance was 1150 
determined for each treatment using the same method. Data was log transformed to meet 1151 
the assumptions of normal distribution. To evaluate the effectiveness of each insecticide 1152 
against another we used a series of contrast statements. A series of contrast statements 1153 
were used to compare the caged and uncaged plants in each treatment. Data was log 1154 
transformed to meet the assumptions of normal distribution.  1155 
We determined if the amount of biological control varied by treatment by testing for 1156 
differences in BSI across the treatments. To evaluate this we used the split-plot in time in 1157 
the PROC MIXED procedure. For the model treatment, blocks, DAT were fixed effects. 1158 
Random effects were time(treatment) time*block(treatment). Time was the treated as the 1159 
number of times caged and uncaged plants were counted. DAT is the days after the 1160 
insecticides were applied. Differences in treatments were analyzed by using F-protected 1161 
least-squares means.  1162 
 1163 
Results 1164 
 1165 
Evaluating the Performance of Broad-spectrum and Selective Insecticides for   1166 
A. glycines management. We did not observe treatment*year interaction (F = 1.41; df = 1167 
1,385; P < 0.2298), therefore we combined CAD data from both years in our analyses. 1168 
For the combined data, CAD varied by treatment (F = 4.12; df = 4, 835; P < 0.0026), 1169 
with the untreated control experiencing significantly higher A. glycines exposure 1170 
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compared to the insecticide treatments (F = 15.54; df = 1, 835; P < 0.0001) (Fig. 2). 1171 
There was no significant difference among any of the insecticide treatments (Fig. 2).  1172 
We did observe a treatment*year interaction (F = 7.23; df = 4,19; P < 0.0010) for 1173 
yield, so we conducted this analysis by year. In 2009, soybean yields varied by treatment 1174 
(F = 4.47; df = 4, 25; P < 0.0073), with the untreated control having a significantly lower 1175 
yield when compared to the insecticide treatments (F = 17.30; df = 1, 25; P < 0.0003) 1176 
(Fig. 3a). Among the insecticide treatments none provided significantly greater yield 1177 
protection than the others (Fig. 3a). Treatment did not have a significant effect on yield in 1178 
2010 (F = 0.95; df = 4, 24; P < 0.4500) (Fig. 3b).  1179 
Determining the Residual Activity of Insecticides. We observed a treatment*year 1180 
interaction (F = 14.64; df = 4, 20; P < 0.0001) so we analyzed the data for the residual 1181 
activity of the insecticides by year. In 2009, we observed a treatment*DAT interaction (F 1182 
= 4.11; df = 4, 219; P < 0.0031), therefore we analyzed data by the 10 DAT series and the 1183 
18 DAT series. The treatment*DAT interaction indicated that there were differences 1184 
among the treatments for the 10 DAT series as well as the 18 DAT series in 2009. In 1185 
2010, the treatment*DAT interaction was not significant.  1186 
In 2009, we observed a significant difference in A. glycines abundances among the 1187 
treatments at the individual sampling times within the 10 DAT series (F = 3.58; df = 12, 1188 
75; P < 0.0003) and within the 18 DAT series (F = 2.08; df = 12, 75; P < 0.0288) based 1189 
on the interaction treatment*time. The treatment*time interaction evaluated A. glycines 1190 
populations at the individual sampling points for each DAT series, and indicated that 1191 
there were differences in population growth of A. glycines among the treatments. To 1192 
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determine if the populations of A. glycines were increasing or declining we compared the 1193 
slopes of the trend lines for treatments to zero. Positive slopes indicated an increase in the 1194 
A. glycines population; negative slopes indicated a decrease in their populations.  1195 
During 2009, populations of A. glycines increased on caged plants between 10 and 19 1196 
DAT within the untreated control (t = 266.41; df =1; P < 0.0024) and imidacloprid (t = 1197 
12.10; df = 1; P < 0.0525) treatments. The only insecticide treatment that reduced the    1198 
A. glycines populations between 10 and 19 DAT on the caged plants was spirotetramat (t 1199 
= -19.45; df = 1; P < 0.0001) (Fig. 4a).  Esfenvalerate had a positive slope indicating that 1200 
A. glycines populations were increasing, but the slope was not significantly different from 1201 
zero (t = 4.83; df = 1; P = 0.1300). CMT-560 had a negative slope, which indicated that it 1202 
reduced the A. glycines population but the slope was not significantly different from zero 1203 
(t = -0.0837; df = 1; P = 0.3201)  (Fig. 4a). 1204 
During 2009, between 18 and 27 DAT the populations of A. glycines increased on 1205 
caged plants within the broad-spectrum insecticide treatment esfenvalerate  (t = 78.39; df 1206 
= 1; P < 0.0081). The other treatments did not have slopes that were significantly 1207 
different from zero.  1208 
In 2010, there were no significant differences in abundances of A. glycines among the 1209 
treatments. During 2010, all of the estimates of A. glycines population growth within the 1210 
10 to 19 DAT and 18 to 24 DAT periods had negative slopes. This included the untreated 1211 
control; therefore it is impossible to determine if insecticide residual activity was the 1212 
cause of the declining populations of A. glycines.  1213 
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Determining the Presence of a Bioresidual. We determined if biological control 1214 
was present in the treatments by comparing the caged plants to the uncaged plants for 1215 
each treatment. If biological control was present we expected that caged plants would 1216 
have greater A. glycines populations than uncaged plants. Because this experiment was 1217 
based on the cage study data we analyzed the data in the same way as previously used for 1218 
the other sections that implemented the cage study. Data was analyzed by year, and also 1219 
by sampling series, which were 10 DAT and 18 DAT. 1220 
In 2009, we observed that there was a significant difference between A. glycines 1221 
abundances that were found in the caged and uncaged plants between 10 and 19 DAT (F 1222 
= 13.04; df = 1, 19; P < 0.0019), and 18 to 27 DAT (F = 57.35; df = 1, 19; P < 0.0001). 1223 
For both series of sampling points the uncaged plants had greater abundances of             1224 
A. glycines than the caged plants (Fig. 6). This was the opposite of what was expected.  1225 
We further analyzed the data to determine if there were differences in A. glycines 1226 
abundances among treatments. For 2009, between 10 and 19 DAT the analysis of the 1227 
caged and uncaged plants for each treatment revealed that the selective insecticide 1228 
spirotetramat had a greater abundance of A. glycines on the caged plant (t = -4.12; df = 3; 1229 
P < 0.0260). There were no significant differences between the caged and uncaged plants 1230 
among the other treatments (Fig. 7a). This suggests that biological control was not 1231 
occurring in the spirotetramat treatment or the other treatments.   1232 
For 2009, between 18 and 27 DAT the treatments spirotetramat (t = -4.06; df = 3; P < 1233 
0.0270), imidacloprid (t= -5.59; df = 3; P < 0.0113), and CMT-560 (t = -4.17; df = 3; P < 1234 
0.0250) all had greater abundances of A. glycines on the uncaged plants than on the caged 1235 
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plants. There were no significant differences between caged and uncaged plants for the 1236 
other treatments (Fig. 6b). The evidence suggests that biological control was not 1237 
occurring in the insecticide treatments.  1238 
In 2010 there were also significant differences in A. glycines abundance between the 1239 
caged and uncaged plants between 10 and 19 DAT (F = 57.43; df = 1, 14; P < 0.0001) 1240 
but not between 18 and 24 DAT. Unlike 2009, the caged plants had a greater abundance 1241 
of A. glycines between 10 and 19 DAT.  1242 
For 2010, at the 10 DAT series the abundances of A. glycines on the caged plants in 1243 
the untreated control (t = 5.57; df = 2; P < 0.0308), imidacloprid (t = 7.56; df = 2; P < 1244 
0.0170), and CMT-560 (t = 5.36; df = 2; P < 0.0331) were significantly greater than the 1245 
abundances on the uncaged plants (Fig. 7a.). This indicated that biological control was 1246 
occurring in these treatments. Because the biological control was occurring in the 1247 
untreated control at levels similar to the insecticide treatments we cannot attribute this 1248 
control to a bioresidual.  1249 
For 2010 between 18 and 24 DAT there were no significant differences between the 1250 
caged and uncaged plants for any of the treatments (Fig. 7b). This indicated that 1251 
biological control was not occurring in these treatments; although when we looked at the 1252 
ANOVA for the 18 to 24 DAT period the caged-uncaged interaction was significant (F = 1253 
10.78; df = 1, 9; P < 0.0095) indicating that biological control was occurring at this time 1254 
period, but was not evident in any of the individual treatments (Fig. 7b).  1255 
We estimated the amount of biological control for the different treatments by 1256 
calculating a BSI for the 10 to 19 DAT and 18 to 24 DAT series. The BSI values were 1257 
  53 
analyzed by the two DAT series because in 2009 the interaction treatment*DAT was 1258 
significant (F = 3.35; df = 4, 245; P < 0.0107). In 2010, this interaction was not 1259 
significant.  1260 
We also analyzed BSI values by year because between 10 and 19 DAT the interaction 1261 
treatment*year (F = 3.48; df = 4, 165; P < 0.0093) was significant between 2009 an 1262 
2010. This interaction was not significant for the 18 DAT series between years.  1263 
In 2009, between 10 and 19 DAT the BSI values differed among the treatments (F = 1264 
4.15; df = 4, 15; P < 0.0184). Esfenvalerate had an increased level of biological control 1265 
based on its BSI value, which was significantly greater than the values for the other 1266 
treatments (F = 5.95; df = 1, 15; P < 0.0276). The BSI value for spirotetramat was 1267 
significantly lower than the other insecticides (F = 6.41; df = 1, 15; P < 0.0230), which 1268 
indicated that this treatment had a lower rate of biological control occurring (Fig. 8a). 1269 
There were no significant differences among the other treatments.  In 2009, between 18 1270 
and 27 DAT there were no significant differences between any of the BSI values among 1271 
the treatments (Fig. 8a).  1272 
In 2010, at the 10 DAT series imidacloprid had a greater BSI value than esfenvalerate 1273 
(F = 6.41; df = 1, 10; P < 0.0297) (Fig. 8b). This indicates that a greater level of 1274 
biological control was occurring in the imidacloprid treatment when compared to the 1275 
esfenvalerate treatment. There were no significant differences among the other 1276 
treatments. In 2010 at the 18 DAT series there were no significant differences among the 1277 
treatments (Fig. 8b).  1278 
 1279 
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Discussion 1280 
 1281 
The CAD for 2009 was higher than it was in 2010 due to the reduced A. glycines 1282 
populations in 2010. Peak A. glycines populations in the untreated control in 2009 were 1283 
1899 ± 60 A. glycines per plant, while peak A. glycines populations in 2010 were 6 ± 2  1284 
A. glycines per plant..For both years the CAD was higher in the untreated control than in 1285 
the insecticide treatments, which was expected. Data for 2009 and 2010 could be 1286 
combined because the response of A. glycines in the untreated control and insecticide 1287 
treatments was similar for both years, regardless of the reduced populations in 2010. The 1288 
reduction in CAD for the selective insecticides and broad-spectrum insecticide indicate 1289 
that they are both efficient at controlling A. glycines population outbreaks when used in 1290 
an IPM program. It also demonstrates that selective insecticides work as effectively as 1291 
broad-spectrum insecticides for controlling A. glycines outbreaks (Fig. 2).  1292 
In 2009, the yield in the untreated control was significantly lower than the other 1293 
treatments in 2009. A reason for this was the increased A. glycines pressure in 2009 (18, 1294 
which led to a greater yield reduction in the control treatment (Fig. 3). There were no 1295 
significant differences in yields among the insecticide treatments. These results 1296 
demonstrated that selective insecticides that are applied using an IPM strategy could 1297 
prevent yield loss as effectively as a broad-spectrum insecticide. There was no significant 1298 
difference between the yields of the treatments for 2010, which was the result of very low 1299 
A. glycines pressure. The ET was not reached in 2010 at the field site where the 1300 
experiment was conducted. Based on the 2009 data, selective insecticides provide an 1301 
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adequate level of A. glycines control and prevent yield loss at a level that is comparable 1302 
to broad-spectrum insecticides.    1303 
The residual activity of the insecticides was different for the treatments between 10 1304 
and 19 DAT in 2009 (Fig. 4a). Spirotetramat demonstrated control of the A. glycines 1305 
populations on the caged plants by causing the populations to decrease, while the 1306 
untreated control and imidacloprid had A. glycines populations that were increasing. The 1307 
other treatments did not have slopes that were significantly different from zero. Based on 1308 
these findings we can conclude that the bioresidual activity of the insecticides is not the 1309 
same. 1310 
 Based on the 2009 data it appears that spirotetramat by itself is a more effective 1311 
control option than when in combination with imidacloprid. For 2009, between both 10 1312 
and 19 DAT as well as 18 to 27 DAT the broad-spectrum insecticide esfenvalerate did 1313 
not have a strong residual activity, and the A. glycines populations increased on the caged 1314 
plants after its application. Data for 2010 was inconclusive because there was no             1315 
A. glycines growth on the caged untreated control plants between 10 and 19 DAT as well 1316 
as 18 and 24 DAT. All of the treatments for both time periods in 2010 had negative 1317 
slopes, which made it impossible to determine if A. glycines populations were decreasing 1318 
on the insecticide treated plants due to insecticidal residual activity or due to other 1319 
environmental factors.  1320 
We expected that the populations of A. glycines on the caged and uncaged plants 1321 
would differ because the caged plants offered protection from natural enemies, whereas 1322 
the A. glycines placed on uncaged plants were expected to be subject to predation. In 1323 
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2009, A. glycines populations were much higher on the uncaged plants than on the caged 1324 
plants between 10 and 19 DAT as well as 18 to 27 DAT (Fig. 4).  1325 
Reasons for this effect could be attributed to increased immigration rates into the field 1326 
at the time of the cage experiment. According to the data for 2009 from the North Central 1327 
Regional Soybean Aphid Suction Trap Network there was an elevated level of 1328 
immigration occurring between 14 August 2009 and 28 August 2009. There was no data 1329 
reported for 21 August 2009 (North Central IPM Center 2010).  1330 
 We had expected to see a bioresidual effect in our selective insecticide treatments. 1331 
For 2009 we did not observe a bioresidual because we did not see evidence for biological 1332 
control occurring in the untreated control. In 2010, at the 10 to 19 DAT sampling period 1333 
we observed biological control occurring in the untreated control, imidacloprid, and 1334 
CMT-560 treatments. Because the untreated control had a significant level of biological 1335 
control occurring it is impossible to attribute the control in the selective insecticide 1336 
treatments to a bioresidual if they also had an increased BSI values.  1337 
The BSI from 2009 between 10 and 19 DAT indicated that esfenvalerate had a high 1338 
level of biological control occurring, and that the selective insecticide spirotetramat had 1339 
the lowest level of predation. The populations for the control, imidacloprid, and CMT- 1340 
560 were intermediate to the two extremes (Fig. 6a). When comparing the abundance of 1341 
A. glycines between treatments for the 2009 between 10 and 19 DAT it is evident that 1342 
spirotetramat had a lower mean A. glycines population compared to the other treatments 1343 
(Fig. 4a). For 2009, between 18 and 27 DAT there were no significant differences 1344 
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between the BSI for any of the treatments (Fig. 6a), however the insecticide treatments 1345 
had reduced populations of A. glycines when compared to the untreated control (Fig. 2a).  1346 
The results concerning A. glycines abundances differed between the two years. Based 1347 
on information from the suction trap network the immigration of A. glycines in 2010 was 1348 
negligible, with only eleven A. glycines recorded for the entire summer. For 2010,          1349 
A. glycines populations were higher on the caged plant than on the uncaged plant for most 1350 
treatments between 10 and 19 DAT (Fig. 7a) and also between 18 and 24 DAT (Fig. 7b). 1351 
For 2010, between 10 and 19 DAT imidacloprid had a significantly higher BSI value than 1352 
the other treatments (Fig. 8b). This indicated that in 2010 at the 10 to 19 DAT sampling 1353 
period a bioresidual was occurring in the imidacloprid treatment. We can state this 1354 
because the caged and uncaged plants were both treated with insecticides. Any increased 1355 
mortality on the uncaged plant was due to predation. In 2010, a bioresidual was not 1356 
present at the 18 to 24 DAT sampling period. 1357 
We used the BSI to determine the level of biological control that was occurring in 1358 
each of the treatments. Based on the results from both the BSI and cage study analysis it 1359 
is possible to determine that the calculated BSI may not work appropriately with 1360 
insecticide treatments. BSI is calculated based on the number of aphids on the caged 1361 
plant as well as the uncaged plant. In an area where a plant was treated with an 1362 
insecticide the aphid populations will be reduced, and as a result have a reduced BSI. A 1363 
large immigration of aphids will also skew the BSI, making it appear that biological 1364 
control was limited. The cage in the case of an immigration of aphids would protect the 1365 
plant inside from the aphids, while the uncaged plant would still be available for 1366 
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infestation. When aphid populations increase faster on the uncaged plant, BSI views it as 1367 
a lack of biological control. When insecticides are applied and a large immigration of 1368 
aphid occurs, the result can be a very low BSI, where in fact biological control may be 1369 
occurring. Values that were positive indicated the presence of biological control while 1370 
those that were negative or zero indicated the lack of biological control. Negative values 1371 
were treated as zeros (Gardiner et al. 2009).  1372 
Because a bioresidual was seen at the 10 to 19 DAT sampling period in 2010 it is 1373 
possible to say that selective insecticides can provide a bioresidual in the soybean 1374 
agricultural system. We did not see a bioresidual effect during the 18 to 24 DAT period, 1375 
but it is possible that this was due to plant deterioration, and the fact that A. glycines 1376 
populations were decreasing on all of the caged and uncaged plants because of this.  1377 
This experiment was carried out in a manner that would be comparable to an IPM 1378 
program used by a soybean grower. The tasks that are essential for IPM were carried out 1379 
in this experiment.  Scouting was done for the pest, A. glycines, as well as for its 1380 
antagonists, the natural enemy community. The importance of the selective insecticides 1381 
that were being tested was their reduced impact on the natural enemy community. By 1382 
using selective insecticides we hoped to conserve that natural enemy community that was 1383 
present in the field. We determined that a bioresidual was not present in 2009 because the 1384 
populations of A. glycines were higher on the caged plants than on the uncaged plants.  1385 
The results from this experiment indicate that selective insecticides are a viable 1386 
option for the control of A. glycines when populations reach the economic threshold of 1387 
250 aphids per plant. The selective insecticides reduced the CAD to levels that were 1388 
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comparable with a broad-spectrum insecticide. They also prevented a yield loss at a level 1389 
that was similar to a broad-spectrum insecticide. More research will need to be done to 1390 
determine if a bioresidual effect is important in Glycine max production. Previous 1391 
research on soybean IPM strategies indicates an application of insecticides at the R3 or 1392 
R4 growth stage during a year of high A. glycines populations can reduce the pest 1393 
populations for a long enough period that even if they resurge they will not cause a yield 1394 
loss (Ragsdale et al. 2007).  1395 
In 2009, the residual activity of spirotetramat was most effective during the 10 to 19 1396 
DAT period when compared to the other insecticide treatments. Biological control was 1397 
present in the field. Future research should be done to determine a more effective way of 1398 
analyzing the effects of selective insecticides on biological control in Glycine max 1399 
production.  1400 
 1401 
Acknowledgements 1402 
 1403 
 We thank the Iowa State University farm managers Dave Starrett and Kent Burns 1404 
for assistance with management of the soybean plots. We thank Michael McCarville for 1405 
help with data collection and statistical analysis. Thanks go to Bayer CropSciences for 1406 
funding for this study, and we also thank Bayer CropSciences for supplying insecticides 1407 
for this research.  1408 
 1409 
 1410 
  60 
References Cited 1411 
 1412 
[EPA] Environmental Protection Agency. 1997. Pesticide Registration (PR) Notice 97- 1413 
3. United States Environmental Protection Agency, Washington, DC. 1414 
(http://www.epa.gov/PR_Notices/pr97-3.html. 21 March 2011). 1415 
Alleman, R. J., C. R. Grau, and D. B. Hogg. 2002. Soybean aphid host range and virus 1416 
transmission efficiency. Proc. Wisc. Fertilizer Agline Pest Manage. Conf. 1417 
(http://www.soils.wisc.edu/extension/FAPM/fertaglime02.htm. 21 March 2011). 1418 
Costamagna, A. C., D. A. Landis, and M. J. Brewer. 2008. The role of natural enemy 1419 
guilds in Aphis glycines suppression . Biological Control 45: 368-379. 1420 
Ellsworth, P. C., and J. L. Martinez-Carillo. 2001. IPM for Bemisia tabaci; a case 1421 
study from North America. Crop Protection 20: 853-869. 1422 
Fox, T. B., D. A. Landis, F. F. Cardoso, and C. D. Difonzo. 2004. Predators suppress 1423 
Aphis glycines Matsumura population growth in soybean. Environmental 1424 
Entomology 33: 608-618. 1425 
Fox, T. B., D. A. Landis, F. F. Cardoso, and C. D. Difonzo. 2005. Impact of predation 1426 
on establishment of the soybean aphid, Aphis glycines in soybean, Glycine max. 1427 
BioControl 50: 545-563. 1428 
Gardiner, M. M., D. A. Landis, C. Gratton, C. D. DiFonzo, M. O’Neal, J. M. 1429 
Chacon, M. T. Wayo, N. P. Schmidt, E. E. Mueller, and G. E. Heimpel. 2009. 1430 
Landscape diversity enhances biological control of an introduced crop pest in the 1431 
north-central USA. Ecological Applications 19: 143-154. 1432 
  61 
Hanafi, A., B. Radcliffe, and D. W. Ragsdale. 1989. Spread and control of potato 1433 
leafroll virus in Minnesota. J.Econ. Entomol. 82: 1201-1206. 1434 
Hodgson, E. W., E. C. Burkness, W. D. Hutchison, and D. W. Ragsdale. 2004. 1435 
Enumerative and binomial sequential sampling plans for soybean aphid 1436 
(Homoptera: Aphididae) in soybean. J. Econ. Entomol. 97: 2127-2136. 1437 
Johnson, K. D., M. E. O’Neal, J. D. Bradshaw, and M. E. Rice. 2008. Is preventative, 1438 
concurrent management of the soybean aphid (Hemiptera: Aphididae) and bean 1439 
leaf beetle (Coleoptera: Chrysomelidae) possible? J. Econ. Entomol. 101: 801- 1440 
809. 1441 
Johnson, K. D., M. E. O’Neal, D. W. Ragsdale, C. D. DiFonzo, S. M. Swinton, P. M. 1442 
Dixon, B. D. Potter, E. W. Hodgson, A. C. Costamagna. 2009. Probability of 1443 
cost-effective management of soybean aphid (Hemiptera: Aphididae) in North 1444 
America. J. Econ. Entomol. 102: 2101-2108.  1445 
Myers, S. W., D. B. Hogg, and J. L. Wedberg. 2005. Determining the optimal timing of 1446 
foliar insecticide applications for control of soybean aphid (Hemiptera: 1447 
Aphididae) on soybean. J. Econ. Entomol. 98: 2006-2012.  1448 
Naranjo, S. E. 2001. Conservation and evaluation of natural enemies in IPM systems for 1449 
Bemisia tabaci. Crop Protection 20: 835-852. 1450 
Naranjo, S. E., P. C. Ellsworth, and J. R. Hagler. 2004. Conservation of natural 1451 
enemies in cotton: role of insect growth regulators in management of Bemisia 1452 
tabaci. Biological Control 30: 52-72. 1453 
  62 
 [NASS/USDA] (National Agricultural Statistics Service/U.S. Department of 1454 
Agriculture 1999. Pest management practices.   1455 
(http://usda.mannlib.cornell.edu/usda/nass/PestMana//1990s/1999/PestMana-08- 1456 
25-1999.txt. 4 January 2011). 1457 
  (http://usda.mannlib.cornell.edu/usda/nass/PestMana//1990s/1999/PestMana-08- 1458 
25-1999.txt.4 January 2011).  1459 
[NASS/USDA] (National Agricultural Statistics Service/U.S. Department of 1460 
Agriculture 2005. Agricultural chemical usage 2005 field crops summary. 1461 
(http://jan-tng.mannlib.cornell.edu/reports/nassr/other/pcu-bb/agcs0506.txt. 4 1462 
January 2011). 1463 
North Central IPM Center. 2010. North Central Region soybean aphid suction trap 1464 
network. Ames, IA.  1465 
Ohnesorg, W. J., K. D. Johnson, and M. E. O’Neal. 2009. Impact of reduced-risk 1466 
insecticides on soybean aphid and associated natural enemies. J. Econ. 1467 
Entomol.102: 1816-1826. 1468 
Olson, K., T. Badibanga, and C. DiFonzo. 2008. Farmers’ awareness and use of IPM 1469 
for soybean aphid control: report of survey results for the 2004, 2005, 2006, and 1470 
2007 crop years. Staff Paper Series P08-12: 1-29.  1471 
Pedersen, P. 2004. Soybean growth and development. Iowa State University Extension. 1472 
PM 1945.  1473 
Pedigo, L. P., and M. E. Rice. 2009. Entomology and Pest Management. Pearson 1474 
Education, Inc. 6. pp. 577-607. 1475 
  63 
Ragsdale, D. W., B. P. McCornack, R. C. Venette, B. D. Potter, I. V. Macrae, E. W. 1476 
Hodgson, M. E. O’Neal, K. D. Johnson, R. J. O’Neil, C. D. DiFonzo, T. E. 1477 
Hunt, P. A. Glogoza, and E. M. Cullen. 2007. Economic threshold for soybean 1478 
aphid (Hemiptera: Aphididae). J. Econ. Entomol.100: 1258-1267. 1479 
Schmidt, N. P., M. E. O’Neal, and J. W. Singer. 2007. Alfalfa living mulch advances 1480 
biological control of soybean aphid. Environ. Entomol. 36: 416-424. 1481 
Schmidt, N. P., M. E. O’Neal, and P. M. Dixon. 2008. Aphidophagous predators in 1482 
Iowa soybean: a community comparison across multiple years and sampling 1483 
methods. Ann. Ent. Soc. Am. 101: 341-350.  1484 
Stern, V. M., R. F. Smith, R. van den Bosch, and K. S. Hagen. 1959. The integrated 1485 
control concept. Journal of Agricultural Science 29: 81-101. 1486 
Varenhorst, A. J., and M. E. O’Neal. The effects of selective insecticides on the natural  1487 
 1488 
enemy community of Aphis glycines (Hemiptera: Aphididae). In Review. 1489 
 1490 
Venette, R. C., and D. W. Ragsdale. 2004. Assessing the invasion by soybean aphid 1491 
(Homoptera: Aphididae): where will it end? Ann. Entomol. Soc. Am. 97: 219- 1492 
226. 1493 1494 
  64 
 1494 
 1495 
Table 1. Insecticide, formulation, class, and application rate for treatment for 2009 1496 
and 2010 1497 
 1498 
 Insecticide Formulation Class Ratea 1499 
 1500 
Untreated (control) N/Ab N/A N/A 1501 
Esfenvalerate Asana XL Broad-Spectrum 113.31 mL/ha 1502 
Spirotetramat Movento Selective 36.42 mL/ha 1503 
Imidacloprid Provado 1.6 Selective 44.52 mL/ha 1504 
CMT-560c N/A Selective 72.84 mL/ha 1505 
 1506 
a Foliar treatment rates are given as milliters of formulated product per hectare. 1507 
b CMT-560 is a combination of the chemicals spirotetramat (Movento, Bayer 1508 
CropSciences) and imidacloprid (Provado 1.6, Bayer CropSciences) in a 1:1 ratio. 1509 
c Not applicable 1510 
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 1511 
Figure Legends 1512 
 1513 
Figure 1. Schematic diagram of an experimental plot used to determine level of biological 1514 
control occurring. Plot design was consistent for all treatments. Plots were 5m x 15m 1515 
(width x length) and rows were 76cm apart. Only the middle two rows were used for 1516 
placement of caged and uncaged plants.  1517 
 1518 
Figure 2. Impact of insecticide treatments on the exposure of soybean to A. glycines 1519 
measured in cumulative aphid days (CAD) for 2009 (a), and 2010 (b). Means with a 1520 
unique letter were significantly different (P < 0.05). CAD were lower in 2010 due to low 1521 
aphid populations. Values on the y-axis differ between years due to the low values in 1522 
2010. 1523 
 1524 
Figure 3. Impact of insecticide treatments on soybean yields (average kilograms per 1525 
hectare) for 2009 (a), and 2010 (b). Plots were planted on 4 June 2009 and 24 May 2010. 1526 
Timing of insecticide applications varied between years due to densities of A. glycines. 1527 
Means with a unique letter were significantly different (P < 0.05). Yields were not 1528 
significantly impacted in 2010 (P < 0.05). 1529 
  1530 
Figure 4. Mean log A. glycines populations on caged plants for 10 DAT series (a) and 18 1531 
DAT series (b) for 2009. Treatments are represented by shapes; untreated (diamond), 1532 
esfenvalerate (x), spirotetramat (triangle), imidacloprid (circle), and CMT-560 (square). 1533 
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The x-axis represents the days after A. glycines infestation. Trend lines were fitted for 1534 
each treatment. Positive slopes indicated A. glycines population growth while negative 1535 
slopes indicated that there was a decrease in A. glycines. The following are the slopes for 1536 
each treatment: 10 DAT (a) untreated = .1812 (P < 0.0024; R2 = 1.0000), esfenvalerate = 1537 
0.2153 (P < 0.1300; R2 = 0.9997), spirotetramat = - 0.0232 (P < 0.0001; R2 = 0.9869), 1538 
imidacloprid = 0.1298 (P < 0.0525; R2 = 0.6161), CMT-560 = - 0.0837 (P < 0.3201; R2 = 1539 
0.5355) and 18 DAT (b) untreated = 0.5404 (P < 0.2069; R2 = .7961), esfenvalerate = 1540 
0.0953 (P < 0.0081; R2 = 0.9178), spirotetramat = - 0.1696 (P < 0.4885; R2 = 0.0362), 1541 
imidacloprid = 0.1085 (P < 0.2887; R2 = 0.9864), CMT-560 = 0.0812 (P < 0.2795; R2 = 1542 
0.2795). Asterisks indicate slopes that have a significant difference from zero. Dates that 1543 
had significant outliers were removed from the analysis. 1544 
 1545 
Figure 5. Mean log A. glycines populations on caged plants for 10 DAT series (a) and 18 1546 
DAT series (b) for 2010. Treatments are represented by shapes; untreated (diamond), 1547 
esfenvalerate (x), spirotetramat (triangle), imidacloprid (circle), and CMT-560 (square). 1548 
The x-axis represents days after A. glycines infestation. Trend lines were fitted for each 1549 
treatment. Positive slopes indicated A. glycines population growth while negative slopes 1550 
indicated that there was a decrease in A. glycines. The following are the slopes for each 1551 
treatment: 10 DAT (a) untreated = - 0.0158 (P < 0.0856; R2 = .9641), esfenvalerate = - 1552 
0.1804 (P < 0.2142; R2 = 0.7819), spirotetramat = - 0.1022 (P < 0.1364; R2 = 0.9096), 1553 
imidacloprid = - 0.0550 (P < 0.1449; R2 = 0.8982), CMT-560 = - 0.0882(P < 0.0298; R2 1554 
= 0.9956) and 18 DAT (b) untreated = - 0.2616 (P < 0.2350; R2 = .7396), esfenvalerate = 1555 
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- 0.2841 (P < 0.1817; R2 = 0.8415), spirotetramat = - 0.3114 (P < 0.1368; R2 = 0.9091), 1556 
imidacloprid = - 0.2536 (P < 0.0313; R2 = 0.9952), CMT-560 = - 0.1611(P < 0.0833; R2 1557 
= 0.9659). Asterisks indicate slopes that have a significant difference from zero. Dates 1558 
that had significant outliers were removed from the analysis. 1559 
 1560 
Figure 6. Mean A. glycines populations between caged and uncaged plants for 10 DAT 1561 
series (a) and 18 DAT series (b) for 2009. Caged plants are represented by the dark bars, 1562 
and uncaged plants by the white bars. Means were log transformed to meet the 1563 
assumptions of normality. Means with unique letters were significantly different (P < 1564 
0.05). Asterisks represent significant differences between the caged and uncaged plants. 1565 
 1566 
Figure 7. Mean A. glycines populations between caged and uncaged plants for 10 DAT 1567 
series (a) and 18 DAT series (b) for 2010. Caged plants are represented by the dark bars, 1568 
and uncaged plants by the white bars. Means were log transformed to meet the 1569 
assumptions of normality. Asterisks represent significant differences between the caged 1570 
and uncaged plants.  1571 
 1572 
Figure 8. Amount of predation that occurred in each treatment according to a BSI 1573 
calculated for each treatment. BSI for 2009 (a), and 2010 (b). Means with a unique letter 1574 
were significantly different (P < 0.05). The 10 DAT series was represented by the dark 1575 
bars, with significance indicated by capital letters. The 18 DAT series was represented by 1576 
the white bars, with significance indicated by lowercase letters. 1577 1578 
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Chapter 3 
 
THE EFFECTS OF SELECTIVE INSECTICIDES ON THE NATURAL ENEMY
 COMMUNITY OF APHIS GLYCINES (HEMIPTERA: APHIDIDAE) 
 
Adam J. Varenhorst, Matthew E. O’Neal 
 
 
Abstract 
 
 
Natural enemies of the invasive pest Aphis glycines can prevent its establishment and 
population growth. Regardless, the common form of control that is used against             
A. glycines is the application of broad-spectrum insecticides, which not only affect the 
populations of the pest, but also the natural enemies that are present in the field at the 
time of application. An alternative is the use of selective insecticides that affect the 
targeted pest species, while having a reduced impact on the natural enemy community. 
We tested the effects of broad-spectrum and selective insecticides on the populations of 
natural enemies in soybean fields during the 2009 and 2010 field seasons to determine the 
impacts that each class had on the abundances of the natural enemies. The insecticides 
that were used for the study included esfenvalerate, spirotetramat, imidacloprid, and 
CMT-560. We compared the abundances of natural enemies at a pre-application date and 
a post-application date to determine if the insecticides that were used affected natural 
enemies. We determined that selective insecticides have a reduced impact on the natural 
enemy communities, but the individual selective insecticides have different impacts on 
individual species of natural enemies.  
 
 
  77 
Introduction 
 
Before the arrival the soybean aphid, Aphis glycines Matsumura, to North America in 
2000 there was a limited use of insecticides on soybean, Glycine max L. Merr. (Alleman 
et al. 2002, Venette and Ragsdale 2004, NASS/USDA 1999). Since its establishment 
however there has been a dramatic increase in the amount of insecticides that are applied 
to soybean (NASS/USDA 2005). Outbreaks of A. glycines are sporadic in North 
America, with populations that vary  between years, and exhibit a great deal of spatial 
variability within a year (Johnson et al. 2008, Gardiner et al. 2009).  
In soybean, early establishment of the natural enemies is important to delay the 
establishment of A. glycines, and for suppressing the population growth of the pest (Fox 
et al. 2004, 2005, Costamagna and Landis 2008, Schmidt et al. 2007). Some of the insects 
that were noted as having significant impacts on A. glycines populations in Asia include 
parasitoids such as braconids, aphelinids, as well as predatory flies such as syrphids and 
chamaeymyids, and also other predatory insects such as coccinellids, anthocorids, and 
chryopids (Chang et al. 1994, Heimpel et al. 2004, Quimio and Calilung 1993, Van den 
Berg et al. 1997, Wang and Ba 1998). In the United States, there is evidence that 
biological control of A. glycines occurs, but it is inconsistent between years (Gardiner et 
al. 2009). 
 In North America, A. glycines populations are attacked by an array of both native and 
exotic aphidophagous natural enemies, which include insects from the families Opiliones, 
Carabidae, Coccinellidae, Staphylinidae, Forficulidae, Cecidomyiidae, Chamaemyiidae, 
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Syrphidae, Anthocoridae, Miridae, Nabidae, Chrysopidae, Hemerobiidae, Aphelinidae, 
and Braconidae. Natural enemies of other pest species also inhabit soybean in Iowa. 
These include insects from the taxa Cicindelinae, as well as numerous parasitic wasps 
from numerous families  (Rutledge et al. 2004, Schmidt et al. 2008, Ragsdale et al. 2011).   
The natural enemies of A. glycines that have been found to be most abundant in 
soybeans are Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae), and                  
Orius insidiosus (Say) (Hemiptera: Anthocoridae) (Fox et al. 2004, 2005, Rutledge et al. 
2004, Schmidt et al. 2008). The generalist predator O. insidiosus is a source of predation 
early in the growing season on alate A. glycines (Rutledge et al. 2004, Desneux et al. 
2006); Harmonia axyridis is noted to arrive later in the season when A. glycines 
populations have established and (Rutledge et al. 2004, Fox et al. 2004. Fox et al. 2005, 
Schmidt et al. 2008). 
The insecticides that are typically used to manage A. glycines populations that reach 
the economic threshold of 250 aphids per plant (Ragsdale et al. 2007) are pyrethroids or 
organophosphates (Olson et al. 2008). While these broad-spectrum insecticides are 
effective control methods for pests they are also effective at reducing the populations of 
natural enemies of the pest that are present when the insecticide is applied (Ellsworth and 
Carillo 2001, Naranjo 2001, Ohnesorg et al. 2009). There are alternative insecticides to 
those that are broad-spectrum; these insecticides are referred to as reduced-risk or 
selective insecticides. They are defined by the Environmental Protection Agency (EPA) 
as “insecticides that may reasonably be expected to accomplish one or more of the four 
following objectives: 1) reduce the risks of pesticides to the human health; 2) reduce the 
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risks of pesticides to nontarget organisms; 3) reduce the potential for contamination of 
groundwater, surface water, or other valued environmental resources; and 4) broaden the 
adoption of integrated pest management (IPM) strategies, or make such strategies more 
available or more effective” (EPA 1997). For the purpose of this experiment we will be 
concerned with the EPA’s second objective for selective insecticides. Since selective 
insecticides will affect the target insect while having minimal effects on the natural 
enemy community that is present in the field during insecticide application, they should 
effectively control the pest, and conserve the natural enemy population (Pedigo and Rice 
2009).  
Previous work has explored the use of selective insecticides for managing A. glycines 
in soybeans. Work done by Ohnesorg et al. (2009) compared the efficacy of two foliar-
applied selective insecticides, pymetrozine and imidacloprid, against a foliar-applied 
broad-spectrum insecticide, λ-cyhalothrin for control of populations of A. glycines as well 
as the effects on the natural enemy community present in soybean. Their research 
determined that the selective insecticides were able to reduce A. glycines populations to 
levels that were much lower than the control treatment, and that the soybean yield did not 
differ among the insecticide treatments. Ohnesorg et al. (2009) also determined that 
selective insecticide treatments had a reduced effect on the populations of natural 
enemies when compared to the broad-spectrum insecticide. 
Kraiss and Cullen (2008a) compared the effects of insecticides approved for use in 
organic soybean production (pyrethins, insecticidal soaps, and mineral oil) on populations 
of A. glycines and H. axyridis populations. Their research determined that pyrethrins 
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significantly reduced A. glycines populations as well as H. axyridis populations when 
compared to the insecticidal soap and mineral oil treatments. Kraiss and Cullen (2008b) 
also tested the efficacy of azadirachtin and neem oil against A. glycines and H. axyridis. 
Their results indicated that azadirachtin and neem oil both reduced A. glycines 
populations, and that there was no significant difference between the two treatments. 
Azadirachtin and neem oil both reduced H. axyridis populations when compared to the 
control, but mortality rates remained low. These studies indicate that selective 
insecticides do have the potential to control A. glycines populations, while having 
reduced impacts on the natural enemies that are present during insecticide application. 
For the current experiment, insecticides were selected based on their novel modes of 
action (spirotetramat, CMT-560), or systemic activity (imidacloprid, spirotetramat, CMT-
560), which reduces the probability of exposure to non-target insects. Spirotetramat 
(Movento, Bayer CropSciences, Research Triangle Park, NC) was chosen based on its 
novel mode of action (lipid synthesis inhibition), and low contact toxicity. The highest 
pest mortalities were reported when phloem-feeding insects ingested spirotetramat. In 
addition to its novel mode of action, spirotetramat is also plant systemic (ambimobile), 
which results in a reduced exposure to non-target insects (Nauen et al. 2008, Bruck et al. 
2009).  
The neonicotinoid imidacloprid (Provado 1.6, Bayer CropSciences, Research 
Triangle Park, NC) was selected for use in this experiment due to its reduced impact on 
the natural enemy community that is found in soybean (Ohnesorg et al. 2009). In addition 
to its reduced impact on natural enemies, imidacloprid is also plant systemic 
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(apoplastically mobile), which results in a reduced exposure to non-target insects 
(Weichel and Nauen 2003).  
The experimental chemical CMT-560 (Bayer CropSciences, Research Triangle Park, 
NC) was used because of its unique combination of spirotetramat and imidacloprid in a 
1:1 ratio. It is not known if this insecticide will have all of the characteristics that are 
unique to spirotetramat and imidacloprid and still have a reduced impact on non-target 
organisms through its mode of action and plant systemic properties.  
The broad-spectrum insecticide esfenvalerate (Asana XL, DuPont) was used in this 
experiment so that the selective insecticides could be compared to a class of insecticides 
that are commonly used for control of A. glycines populations. It is expected that the 
broad-spectrum insecticide would have impacts on both A. glycines populations as well 
as the natural enemy community that is present in soybean at the time of insecticide 
application. 
By collecting data on the natural enemy community before and after insecticides are 
applied we would be able to estimate the toxicity that the insecticides had on the natural 
enemies that were present in the field (Tillman and Mulrooney 2000). The purpose of this 
study was to test if the selective insecticides spirotetramat, imidacloprid, and CMT-560 
have a negative effect on natural enemy populations that are present in soybean field 
when they are applied based the control recommendation of a ET of 250 aphids per plant 
(Ragsdale et al. 2007). We compared the impact of the putative selective insecticides to 
soybean left untreated, as well as soybean treated with the broad-spectrum insecticide 
esfenvalerate. We measured the abundance and diversity of natural enemies that were 
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present in the soybean before insecticides were applied, and determined if these 
populations were different from those that occurred after insecticides were applied.  
 
Materials and Methods 
 
 
Field Site. This experiment was located at Iowa State University’s Johnson Research 
Farm in Story County, IA. For both years of this experiment, 2009 and 2010, 
conventional tillage and weed management practices were used. Commercially available 
non-treated seed considered to be susceptible to A. glycines was used (PB 2207N RR in 
2009 and Pioneer 92M61 RR in 2010; Prairie Brand, Story City, IA and Pioneer Hi-Bred 
International, Inc., Johnston, IA respectively). In 2009, soybean were planted on 4 June, 
and for 2010 soybean were planted on 24 May. For both years soybean were planted in 
six 23-m by 15-m blocks. Each block contained five plots that were 5-m by 15-m. For 
both years plots were planted with 76-cm row spacing and a seed population of 400,000 
seeds per ha.  
Experimental Design. We used a randomized complete block design with treatments 
replicated six times. The treatments consisted of an untreated control, and three foliar-
applied insecticides that consisted of the broad-spectrum insecticide esfenvalerate (Asana 
XL, DuPont), and three selective insecticides including spirotetramat (Movento, Bayer 
CropSciences, Research Triangle Park, NC), imidacloprid (Provado 1.6, Bayer 
CropSciences, Research Triangle Park, NC), and a combination of imidacloprid and 
spirotetramat at a 1:1 ratio (referred to as CMT-560 throughout) (Table 1). All insecticide 
treatments were mixed Adjuvant A, which is pre-mixed with CMT-560 and is a trade 
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secret product of Bayer CropScience. All insecticide treatments were also supplemented 
with the surfactant ammonium sulfate (AMS). The treatments consisted of foliar 
insecticides that were to be applied at the economic threshold of 250 aphids per plant 
(Ragsdale et al. 2007). Insecticides were applied in 2009 on 12 August when the 
economic threshold of 250 aphids per plant was reached (Ragsdale et al. 2007). In 2010 
we experienced very low populations of A. glycines such that the economic threshold was 
not reached. Therefore, insecticides were not applied when the aphids reached the 
economic threshold, but were applied on 15 August, the same calendar period as 2009. 
Insecticides were applied using a backpack sprayer and a three-row hand boom that was 
equipped with TeeJet 11002 Twin Jet nozzles. Active ingredients were applied at a rate 
of 237 liters/ha (20 gpa) by using a nozzle spacing of 38.1 cm and a line pressure of 275 
kPa (40 psi) (Johnson et al. 2008, Ohnesorg et al. 2009).  
Natural Enemy Sampling and Evaluation. We monitored natural enemy 
populations throughout the growing season to determine the abundance and diversity 
before and after foliar insecticides were applied. Plots were monitored for aphidophagous 
natural enemies on the same days that A. glycines populations were measured by using a 
sweep-net (BioQuip Products, Rancho Dominguez, CA). Sweep net sampling was chosen 
based on previous research conducted in Iowa (Schmidt et al. 2008, Ohnesorg et al. 2009) 
that determined sweep net samples collected insects more effectively than other 
collection methods, and could provide an accurate estimation of the natural enemies 
present in a soybean field. Two rows were randomly selected from the middle four rows 
of a plot. The rows were sampled using 10 pendulum swings per row for a total of 20 
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pendulum swings per plot. The contents of the sweep-net were emptied into a one-gallon 
plastic bag and stored at -20 °C until the insect specimens were sorted, identified, and 
counted. All of the insects collected were identified to at least the family level. 
Coccinellidae and the anthocorid Orius insidiousus were identified to species. Voucher 
specimens were deposited in the Iowa State University Insect Collection at Iowa State 
University, Ames, IA. Populations of natural enemies were monitored after insecticides 
were applied by using the same methods.  
Analysis 
We hypothesized that the natural enemy community would differ for the insecticide 
treatments when looking at a pre and post-application date. We analyzed total natural 
enemy abundance by using the PROC MIXED procedure with SAS statistical software 
version 9.2 (SAS Institute, Cary, NC). The fixed effects for the model were treatment, 
block, and time. The random effects block and block*treatment were used. Natural 
enemy populations in treatments were analyzed for differences using a one-way 
ANOVA, and also by using F-protected least-squares means test for mean separation.  
We compared the difference in natural enemy abundance before and after insecticides 
were applied; referring to these time points as the pre-application date and the post-
application date. To test for differences between the pre- and post-application dates for 
each treatment we used the PROC MIXED procedure with SAS statistical software 
version 9.2 (SAS Institute, Cary, NC), with the fixed effects being treatment, block, and 
time. The random effects for the model were treatment*block. Differences between 
treatments were also analyzed by using contrast statements to compare the treatments by 
  85 
the sampling dates. We tested this hypothesis further by testing the most abundant species 
of natural enemies for each year.  
 
Results 
 
 We observed a community of natural enemies comprised of 22 taxa (Table 2); 
many of these are considered predators of A. glycines. These aphidophagous predators 
include, insects from the family Coccinellidae: Coleomegilla maculata,                  
Coccinella septumpunctata, Cycloneda munda, Harmonia axyridis,                      
Hippodamia convergens, Hippodamia parenthesis, Hippodamia tredecimpunctata, as 
well as from the family Anthocoridae: Orius insidiosus, and then also from the families 
Syrphidae, Nabidae, Chrysopidae, Hemerobiidae, Aphelinidae, Opiliones, and 
Braconidae. In addition, we collected natural enemies that are not a source of mortality 
for A. glycines, for example members of Aranaea, Chalcididae, Ichneumonidae, 
Dolichopodidae, Pentatomidae, Pteromalidae, Tachinidae are parasitoids and predators 
that do not utilize A. glycines as hosts.  
The diversity of this community varied between the two years of this study. For 
example, among the family Coccinellidae we observed 7 species in 2009, but only 4 
species in 2010 when comparing all of the treatments. When we compared the natural 
enemies that were collected from the untreated control we observed that throughout the 
growing season in 2009 we observed 6 species of Coccinellidae (Fig. 1), but in 2010 we 
observed only 2 species in the untreated control (Fig. 2).  
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The abundance of natural enemies was not consistent between years, with natural 
enemies being more abundant in 2009 (4792 total natural enemies throughout the season) 
than in 2010 (1649 total natural enemies throughout the season) (F = 128.48; df = 1, 20; 
P < 0.0001). To determine which natural enemy was the most abundant we compared 
species abundances in the untreated control. Harmonia axyridis represented 41.0% of the 
natural enemy community in 2009 (Fig. 1), and O. insidiosus represented 45% of the 
natural enemy community in 2010 (Fig. 2). 
Effects of Insecticides on Natural Enemies. To determine the effects that 
insecticides had on natural enemies we compared a pre-application date to a post-
application date. Our null hypothesis was that there would be no difference in the natural 
enemy abundances between any of the treatments when comparing these two dates. Since 
the diversity and abundance of natural enemies varied between the two years, we report 
the response of these communities based on the insecticide treatments by year. In these 
two years, we observed a significant difference in the abundance of A. glycines. In 2009, 
we applied insecticides when A. glycines populations reached the ET of 250 aphids per 
plant. In 2010, we applied insecticides when a predetermined spray date was reached 
because A. glycines populations were very low throughout the 2010 growing season.  
In 2009, there were no differences in natural enemy abundances among any of the 
treatments at the pre-application date (F = 0.82; df = 4, 20; P = 0.5273). After the post-
application date we observed differences in the abundance of natural enemies among the 
treatments (F = 11.62; df = 4, 20; P < 0.0001). For the post-application date the untreated 
control had a significantly greater abundance of natural enemies than the insecticide 
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treatments (F = 43.12; df = 1, 20; P < 0.0001). There were no significant differences 
among any of the insecticide treatments (Fig. 3a).  
 For 2010 there were no differences in natural enemy abundances at the pre-
application date among the treatments (F = 1.18; df = 4, 20; P = 0.3501). At the post-
application date there were differences among the treatments (F = 3.60; df = 4, 20; P < 
0.0228). At this date the broad-spectrum insecticide esfenvalerate had a significantly 
reduced abundance of natural enemies  (F = 6.71; df = 1, 20; P < 0.0175) when compared 
to the other treatments. There were no significant differences among the other treatments 
(Fig. 3b).  
 We compared a pre- and post-application date for H. axyridis, O. insidiosus. They 
were chosen because they represented the most abundant natural enemies.               
Harmonia axyridis was the most abundant predator in 2009, but was not frequently found 
in 2010. The opposite was true for O. insidiosus with it being the most abundant natural 
enemy in 2010.  
 For the 2009 pre-application date there were no differences in the abundance of 
H. axyridis in any of the treatments (F = 1.08; df = 4, 20; P = 0.3927). There were 
differences in the abundances at the post-application date however (F = 7.60; df = 4, 20; 
P < 0.0007). The untreated control (F = 21.36; df = 1, 20; P < 0.0002) and spirotetramat 
(F = 8.37; df = 1, 20; P < 0.0090) had the greatest abundances of H. axyridis. There were 
no significant differences between any of the other treatments at the post-application date 
(Fig. 4). When we compared the pre and post-application populations of H. axyridis for 
individual treatments we determined that the abundance of H. axyridis was significantly 
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greater at the pre-application date for the esfenvalerate (F = 88.25; df = 1, 5; P < 0.0002) 
and CMT-560 (F = 27.44; df = 1, 5; P < 0.0034) treatments. There were no significant 
differences in H. axyridis abundances between the pre and post-application dates among 
the other treatments (Fig. 4). 
The abundances of O. insidiosus did not differ between treatments at the pre-
application date in 2010 (F = 0.70; df = 4, 20; P = 0.5999). There were differences 
between the treatments at the post-application date (F = 6.57; df = 4, 20; P < 0.0015). 
The imidacloprid treatment had the greatest abundance of O. insidiosus (F = 17.30; df = 
1, 20; P < 0.0005), and the untreated control had a significantly greater abundance of 
natural enemies than the broad-spectrum insecticide esfenvalerate (F = 8.92; df = 1, 20; P 
< 0.0073). The selective insecticides spirotetramat and imidacloprid had abundances of 
O. insidiosus that were intermediate to both esfenvalerate and the untreated control (Fig. 
5). When we compared the pre and post-application populations of O. insidiosus for 
individual treatments we determined that the abundance of O. insidiosus was significantly 
greater at the pre-application date for the esfenvalerate (F = 23.60; df = 1, 5; P < 0.0046), 
spirotetramat (F = 10.27; df = 1, 5; P < 0.0239), and CMT-560 (F = 30.04; df = 1, 5; P < 
0.0028) treatments (Fig. 5). 
 
Discussion 
 
 Overall, the abundance of natural enemies was greater in 2009 than 2010. One 
explanation for this was the dramatic difference in A. glycines populations between the 
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two years. In 2009, the economic threshold for A. glycines was reached, and populations 
of A. glycines reached economically damaging levels in soybean that were not treated 
with insecticides (1899 ± 60 A. glycines per plant). This was not the case in 2010, where 
A. glycines populations never reached the economic threshold, and did not reduce yields 
in soybean that were not treated with insecticides (6 ± 2 A. glycines per plant) 
(Varenhorst and O’Neal in review). Because of the reduced populations of A. glycines we 
can assume that the abundances of aphidophagous natural enemies would be much lower, 
which explains why the overall natural enemy abundances were lower in 2010. 
 The most abundant natural enemy species in 2009 was H. axyridis, which is a 
generalist predator of A. glycines. In 2010, the generalist predator of A. glycines,            
O. insidiosus was the most abundant natural enemy even though A. glycines populations 
were very low. Orius insidiosus has been reported to feed on Lepidopteran pests, and in 
2010 a prominent pest in soybean was the green cloverworm, Hypena scabra Fabricius 
(Lepidoptera: Noctuidae) (McCarville et al. 2010). The increased abundance of H. scabra 
could account for the elevated populations of O. insidiosus that were seen in 2010 (Fig. 
2). 
 The response of natural enemies to the insecticide treatments varied between the 
two years. For the entire natural enemy community collected in 2009, we observed a 
negative impact on the natural enemy community (Fig. 3a) for both selective and broad-
spectrum insecticides. This was not the case for 2010, when we observed a reduction in 
natural enemy abundance only in plots treated with a broad-spectrum insecticide (Fig. 
3b).  Therefore, we suggest that the response of the natural enemy community within 
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soybeans to insecticides is dependent upon an interaction with environmental factors that 
vary between years, including but not limited to the abundance of prey (i.e.                
Aphis glycines). Despite this interaction, we did observe trends within a given year that 
suggest selective insecticides had a reduced impact on unique species of natural enemies. 
In 2009, we observed a greater decrease in H. axyridis populations after 
application of the broad-spectrum insecticide esfenvalerate than the selective insecticide 
spirotetramat. Also, the selective insecticide imidacloprid had negative effects on 
populations of H. axyridis (Fig. 4). It is possible that CMT-560 reduced H. axyridis 
abundance due to the presence of imidacloprid as the imidacloprid treatment also reduced               
H. axyridis populations. When we compared the H. axyridis abundances for individual 
treatments between the pre and post-application dates we found that esfenvalerate and 
CMT-560 were the only chemicals that had significantly reduced the number of              
H. axyridis between the two time points (Fig. 4). The population of H. axyridis was 
negligible in 2010.  
A reason for the reduced mortality caused by spirotetramat could deal with its 
fully systemic nature, as well as its translaminar efficacy (Brück et al. 2009). 
Spirotetramat has low contact toxicity, with the greatest mortality caused by ingestion of 
the active ingredient (Nauen et al. 2008). Imidacloprid is a neonicotinoid, and acts as 
both a contact and gut toxin (Yu 2008). This increased contact toxicity could explain the 
negative effects of imidacloprid on H. axyridis populations.  
The populations of O. insidiosus appeared to be negatively affected by 
spirotetramat and esfenvalerate, but not imidacloprid. When we compared the 
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abundances of O. insidiosus between the pre and post-application dates we determined 
that esfenvalerate, spirotetramat, and CMT-560 had significantly lower populations of the 
natural enemy at the post-application date (Fig. 5). A reason for why O. insidiosus may 
have been negatively affected by spirotetramat could be attributed to the fact that it is a 
facultative phytophagous predator, and have been reported to feed on plant tissue even 
when their prey species are available (Armer 1996). Spirotetramat has a very high 
translaminar efficacy, and could reduce populations of the predator if it feeds on the leaf 
tissue of the plant using a sucking mechanism. Spirotetramat is also systemically active 
as an ambimobile insecticide, which means it moves in both the phloem and xylem of the 
plant.  Spirotetramat is not limited to the leaf area that it was applied to, but will be found 
throughout the plant including new plant growth (Brück et al. 2009). Imidacloprid also 
has an effective translaminar efficacy, but is noted to have reduced efficacy within two 
days of the application. Imidacloprid is active in the xylem, and because of this is 
restricted to the leaf area that it was applied to (Weichel and Nauen 2003). Since            
O. insidiosus feed using a piercing-sucking mouthpart it is likely that it would come into 
contact with both insecticides when feeding on the soybean plants. The increased 
translaminar efficacy of spirotetramat and its systemic nature may be the cause of the 
reduced populations of O. insidiosus in plots treated with the insecticide.  
We looked at the entire natural enemy community that was present in the field, 
not only the aphidophagous predators. The reason for doing this was to determine if the 
insecticides that were being applied negatively affected other natural enemies besides 
those that feed upon A. glycines. Implications of removing a predator of another pest 
  92 
species would be the occurrence of a secondary pest outbreak (Pedigo and Rice 2009). 
There is evidence of this occurring in other cropping systems (Pedigo and Rice 2009). 
Based on the information presented in Fig. 1 and Fig. 2 on the natural enemies that do not 
rely on A. glycines populations for survival, we can conclude that selective insecticides 
have a reduced impact on this natural enemy community. 
Further research should be done to examine the possible reasons for the difference 
in mortality of the two natural enemies to the different selective insecticides by testing 
the natural enemies against the insecticides in a laboratory setting. Additional research 
testing the effects of systemic insecticides on natural enemies should also be conducted to 
evaluate the effects that these insecticides have on facultative phytophagous predators 
such as O. insidiosus. 
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Table 1. Insecticide, formulation, class, and application rate for treatment for 2009 
and 2010 
 
 Insecticide Formulation Class Ratea 
 
Untreated (control) N/Ab N/A N/A 
Esfenvalerate Asana XL Broad-Spectrum 113.31 mL/ha 
Spirotetramat Movento Selective 36.42 mL/ha 
Imidacloprid Provado 1.6 Selective 44.52 mL/ha 
CMT-560c N/A Selective 72.84 mL/ha 
 
a Foliar treatment rates are given as milliters of formulated product per hectare. 
b CMT-560 is a combination of the chemicals spirotetramat (Movento, Bayer 
CropSciences) and imidacloprid (Provado 1.6, Bayer CropSciences) in a 1:1 ratio. 
c Not applicable 
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Table 2. Natural enemiesa collected pre- and post-insecticide application for 2009 
and 2010 
 
  
Order Family Species 
 
Coleoptera Coccinellidae  Coccinella septumpunctata 
    Coleomegilla maculata 
    Cycloneda munda 
    Harmonia axyridis 
    Hippodamia convergens 
    Hippodamia parenthesis 
    Hippodamia tredecimpunctata 
Diptera Syrphidae 
 Tachinidae 
 Dolichopodidae 
Hymenoptera Aphelinidae 
 Braconidae 
 Chalcididae 
 Ichneumonidae 
 Pteromalidae 
Hemiptera Anthocoridae  Orius insidiosus 
 Nabidae 
 Pentatomidae 
Neuroptera Chrysopidae 
 Hemerobiidae 
Opiliones 
Araneae 
 
a Natural enemies were collected from sweep-net sampling 
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Figure Legends 
 
Figure 1. Composition of the natural enemy community that was collected throughout the 
2009 growing season in the untreated control. These abundances represent natural 
enemies that were not subjected to insecticides. The category of Other Natural Enemies 
refers to aphidophagous natural enemies that represented a very small percent of the total 
natural enemies; as well as natural enemies that were collected but are not reported to 
feed on A. glycines. 
 
Figure 2. Composition of the natural enemy community that was collected throughout the 
2010 growing season in the untreated control. These abundances represent natural 
enemies that were not subjected to insecticides. The category of Other Natural Enemies 
refers to aphidophagous natural enemies that represented a very small percent of the total 
natural enemies; as well as natural enemies that were collected but are not reported to 
feed on A. glycines. 
 
Figure 3. The log natural enemy abundances for 2009 (a) and 2010 (b), dark bars 
represent a pre-application date, while white bars represent a post-application date.  We 
compared the populations of natural enemies among the treatments at the pre and post-
application dates to determine if any treatments affected the overall abundances of the 
natural enemies that were present in the individual treatments. Significant differences for 
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the pre-application date are represented by capital letters, while the lower case letters 
represents those differences that were significant for the post-application dates.  
 
Figure 4. The log Harmonia axyridis populations in 2009, dark bars represent a pre-
application date, while white bars represent a post-application date. We compared the 
abundances of the specific species at the pre and post-application time points to 
determine if insecticides affected the abundances in individual treatments. Significant 
differences for the pre-application date are represented by capital letters, while the lower 
case letters represents those differences that were significant for the post-application 
dates. Asterisks represent significant differences between the pre and post-application 
date for individual insecticides. 
 
Figure 5. The log Orius insidiosus populations for 2010, dark bars represent a pre-
application date, while white bars represent a post-application date. We compared the 
abundances of the specific species at the pre and post-application time points to 
determine if insecticides affected the abundances in individual treatments. Significant 
differences for the pre-application date are represented by capital letters, while the lower 
case letters represents those differences that were significant for the post-application 
dates. Asterisks represent significant differences between the pre and post-application 
date for individual insecticides.
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Chapter Four 
 
GENERAL CONCLUSIONS 
 
 
Chapter Two: 
Aphis glycines populations were greater in 2009 than in 2010. In both 2009 and 
2010, the insecticide treatments reduced the exposure of soybean to A. glycines 
populations when compared to the untreated control. Among the insecticides there were 
no significant differences for either year. In 2009, a yield reduction was observed in the 
untreated control, but not in the insecticide treatments. The yields among the insecticides 
were not significantly different. There was no yield reduction in 2010 due to low A. 
glycines pressure. 
Spirotetramat had the greatest residual activity in 2009, during the 10 to 19 DAT 
sampling period. The populations of A. glycines in the untreated control and imidacloprid 
treatments increased in 2009 during the 2009 10 to 19 DAT period. Only the untreated 
control had populations of A. glycines that increased in 2009 during the 18 to 27 DAT 
sampling period. In 2010, the data were inconclusive because all of the treatments 
demonstrated reductions in A. glycines populations. The reduction of A. glycines in the 
untreated control made it impossible to determine if populations were decreasing in 
insecticide treatments due to insecticide residual activity or some other environmental 
factor.  
In 2009, biological control did not appear to be present during the 10 to 19 DAT or 
18 to 27 DAT sampling periods. This conclusion was made because there were greater  
A. glycines populations on the uncaged plants than the caged plants that were used for the 
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study. This was the opposite of what was expected. In 2010, biological control was 
present in the untreated control and the imidacloprid treatment at the 10 to 19 DAT 
sampling period. Biological control did not appear to be occurring during the 18 to 24 
DAT sampling period in individual treatments, but when we compared the pooled cage 
study data we were able to determine that biological control was occurring.  
Based on the BSI values we determined that a bioresidual effect was occurring in 
2010, during the 10 to 19 DAT sampling period in the imidacloprid treatment. A BSI did 
not appear to be occurring during the 18 to 24 DAT sampling period in 2010. 
Chapter Three: 
When all of the predaceous arthropods are combined between the two years we 
collected natural enemies from 22 taxa. These included both aphidophagous natural 
enemies as well as those natural enemies that do not consume A. glycines. The most 
abundant natural enemy in 2009 was H. axyridis, while in 2010 the most abundant natural 
enemy was      O. insidiosus.  
In 2009, all of the insecticides reduced the abundances of natural enemy populations. 
In 2010, the broad-spectrum insecticide esfenvalerate reduced natural enemy abundances 
more than the other treatments. In 2009, H. axyridis abundances were greatest in the 
untreated control and the selective insecticide treatment spirotetramat. In 2010,              
O. insidiosus abundances were greatest in the selective insecticide treatment 
imidacloprid. The untreated control had a greater abundance of natural enemies than the 
broad-spectrum insecticide treatment.  
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What does this all mean? 
 We now have an understanding of how selective insecticides work against the 
soybean pest A. glycines.  They are able to reduce populations of A. glycines to levels that 
are comparable to control that is achieved with a broad-spectrum insecticide. Selective 
insecticides are also capable of preventing yield loss as well as the broad-spectrum 
insecticide that was used. The selective insecticide spirotetramat had greatest residual 
activity in 2009 between 10 and 19 DAT. The level of biological control varied between 
years, and between series, indicating that natural enemies were present in the field at 
different times.  
We determined that a BSI was present in 2010 during the 10 to 19 DAT sampling 
period. It is possible that a bioresidual may not be important in soybean, since A. glycines 
populations are generally controlled around the R3 and R4 growth stages. After the 
insecticide residuals have worn off, the soybean plants have reached a growth stage 
where they are not negatively affected by A. glycines. 
From our natural enemy data we can see that the most abundant natural enemy in 
2009, H. axyridis, was not negatively affected by the selective insecticide spirotetramat. 
In 2010 the most abundant natural enemy was O. insidiosus, and the selective insecticide 
imidacloprid had a reduced impact on its abundances. The natural enemy community 
varied between years, but this was most likely due to the presence of different pests 
between the two years. We saw that selective insecticides had a reduced impact on 
natural enemies when looking at the data from 2010. In 2009, all of the insecticides 
reduced the natural enemies when compared to the untreated control. We can determine 
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that selective insecticides are unlikely to cause a secondary pest outbreak, since it 
appeared that they did not reduce the natural enemies that do not feed on A. glycines.  
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